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W: OFTEN REFER to Milton Roy controlled 
volume pumps as flow control instruments. 
Past messages in this series have pointed out 
why. Now we’d like to talk about how and 
where they function as instruments in proc- 
ess control systems. 


“We have prepared a number of bulletins 
describing specific applications. Bulletin 
1253 is a good example. 


BULLETIN 1253: 
“Controlled Vol- 
ume Pumps In 
Process Instru- 
mentation.”’ 





“Twenty-two different instrumented proc- 
esses are discussed, including open loop, 
closed loop, and composite control systems. 
Examples show how a controlled volume 
pump (or pumps) has solved a specific low 
capacity flow control problem—in applica- 
tions ranging from alum dilution . . . to per- 
fume addition . . . to varnish blending. 


“Typical case history involves the southern 
textile mill that had been using a batch 
bleaching operation requiring 16 to 24 hours 
for treatment of a single batch of cloth. 
Steam consumption was high, bleaching non- 
uniform from batch to batch, the cloth in 
process excessively long. 


“Solution: a continuous bleach operation 
with precision control over flow of bleach 
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chemicals. The system handles from 50 to 
200 yards of cloth per minute. Quality is up 
... costs way down. 
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“*The three-cylinder controlled volume pump 
used in this open loop system meters caustic, 
silicate, and peroxide to the saturator. Pre- 
scribed flow ratios are set initially by adjust- 
ing plunger stroke length. Pump speed is 
adjusted to suit bleaching rate. Ratio stays 
constant for all cloth speeds. 


“—Instrument engineers, we find, are vitally 
interested in the experience of others who 
have specified controlled volume pumps for 
critical instrument applications. In company 
publications and in business paper adver- 
tising, we are passing along this experience 
. . . showing how Milton Roy controlled 
volume pumps are being used in flow control 
instrumentation.” 


Milton Roy Company, Manufacturing Engi- 
neers, 1300 E. Mermaid Lane, Philadelphia 
18, Penna. 


CONTROLLED VOLUME PUMPS 





Robert T. Sheen, President 
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Organized exchange of information .... 


The first step toward acceptable standardization 


@ The very fact that a great variety of words such as instrumentation, 


& 


automatic control and automation are used to characterize the art and 
science of measurement and control, typifies the need for standardization 
of all phases of this new scientific and industrial technology. 


The Instrument Society of America, through its Recommended Prac- 
tices, is working toward standardization. Because many of the charter 
members are in the process industries, the first subjects of standards 
have been in the area of industrial process instrumentation. A signifi- 
cant contribution is the recent publication “Automatic Control Termi- 
nology” by the Instruments and Regulators Division of ASME, many 
members of which are pioneer members of ISA. This terminology, 
principally in the field of automatic control in the process industries, 
is the accumulation of three previous ASME reports dating back to 
1944. The Scientific Apparatus Makers Association have issued basic 
standards for individual instruments and components. Under auspices of 
the American Standards Association, representatives of ISA and other 
technical organizations are currently engaged in formulating a set of 
acceptable measurement and control terms with a broad scope and 
adaptability. 


Language standardization is the mere first step toward uniformity. 
Specifications, procedures and operating codes are vitally needed to 
avoid further confusion, duplication and expensive installation prob- 
lems. Free exchange of information through a central group with equal 
representation of all agencies involved is the only practical way to 
achieve an acceptable set of such standards. 


The Instrument Society of America should and will play a vital role in 
such an organized program for further standardization. We call upon 
its members in all groups to integrate serious consideration of this prob- 
lem in their instrumentation program. We invite top management to 
investigate the tremendous reciprocal benefits of allowing their person- 
nel to engage in these activities. In addition to millions of dollars which 
standards can save manufacturers and users, there are unlimited pos- 
sibilities of increased use of instruments, because standardization will 
mean simplified buying and operation. 


Charles W. Covey 
Editor 
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Guest Editorial 


By John J. Grebe 


DIRECTOR, BASIC AND NUCLEAR RESEARCH DEPARTMENT, THE DOW CHEMICAL COMPANY 


ONTROL ENGINEERS should think of themselves not 

simply as men who improve the material output of 
factories and power sources. They should think of 
themselves as people capable, by long training and as- 
sociation, of dealing with variations in all of the concepts 
and aspects of life, matter and energy in all natural 
phenomena and human endeavors. This is the breadth 
of interest that can make your life really worth living. 
It will make your youngsters recognize that you are facing 
the problems of life on all fronts. It will find you a place 
on the councils of men. It can give you the feeling that 
you are functioning in cooperation and unison with all 
of nature and its Creator. 


The newest field of instrumentation engineering, is the 
perfection of new technology for measuring new proper- 
ties that so far have been left to analytical and research 
procedures. This would not only put existing processes 
and products under better control, but would give more 
courage to try to control many of the things that are 
still being left to chance, mob psychology, and emotions. 
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One exciting field is nuclear resonance. It permis 
great insight into the composition, presence, ame 2 


tural formula of many molecules. Another is m 


ass set 


troscopy, which has become an everyday tool you 


all know and use where it pays for the accurate 


measult 


ment of the mass of individual molecules, radicals 


atoms. 


In order to study some of the instruments 
having the profoundest effects on research now, 


that at 
and mal 


soon on your industry, let us consider three types 


may be coupled together very advantageously: 


First — A mass spectrometer which is characteris 
of a whole class of what might be called analytic 


machines. 


Second — A “digitizer” which will take continud 


potential type readings, such as from a 


couple or ‘rom a strain gage type of instrumetl 


transform such readings to digital form an 
it on a punched card, or a punched tape. 
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Third — A data processing machine such as a digital 
computer which will receive such above punched in- 
formation, calculate the answers desired from the 
data, and print reports containing them. 


Consider the possibilities of such a team. In fifteen 
minutes the mass spectrometer can analyze a complex 
ic mixture for as many as thirty or more compon- 


0 : 
ents. The “digitizer” records the data as fast as the mass 
spec evolves it. A small to medium-sized computer can 


calculate the data in one to two minutes. 


By far the greatest source of specific new technology 
for measurement and control has to do with the ever 
increasing number of radioactive isotopes and their 
- multitudinous compounds that are being made available 
for everyday plant operation and control. It is just won- 
" derful to be able to put tracer quantities into great streams 
of materials in process and find that there are millions of 
atoms in this quantity that explode regularly, exactly in 
rtion to the number of them present, and burst out 
jn an exultant shout and tell you—“I am here. It is me. 
It is little Gene—no, not Tom, it is Gene,” and from 
that you can deduct all sorts of conditions such as time 
intervals, numbers, acidity, turbidity, concentration, level. 
rate of acceleration, thickness, depth, height, accumulated 
inventory, velocity, and what-not-all. Suffice it to say 
that | have not yet come in contact with any problem of 
measurement and control for which there was not at 
least some plausible solution based on this new technol- 
We have established many applications of these 
new methods to the determination of how to treat oil wells 
and to methods of finding what one has at the bottom of 
one of these expensive holes in the ground. 
I am sure you would rather be pushing ahead with 
| new and better tools than to sit back and wait for the 
bees of progress to swarm around you. 








R. JOHN J. GREBE graduated as valedictorian from East 

Technical High School, Cleveland, Ohio, in 1918, and from 
Case Institute of Technology in 1924, receiving also an honorary 
Se. D. in 1935. 


He has been a member of the Dow organization since 1924 
and served for many years as director of the Physical Research 
Laboratory until 1949. He holds more than 50 patents in elec- 
trochemistry, power generation, synthesis of organic compounds 
and air conditioning. 

In his long service at Dow, he has done considerable research 
on electrometric analysis, electrolysis of fused salts, chemical treat- 
ment of oil wells, saran, and Styron plastics, automatic methods 
of control, chlorination processes, high temperature cracking 


ist . : - “ : 
rs) processes for making unsaturates including butadiene, synthetic 
me 3 rubber and high frequency electrical insulation. 
\ass spe He was a consultant to the Office of the Rubber Director dur- 


yu show} ing World War II. In 1946-47, he attended the Oak Ridge Na- 
measult tional Laboratory's course on applications of nuclear energy in 
nals a industry, and in 1948-49, served as chief technical adviser to the 
ica Chief of the Army Chemical Corps. Last year he was a con- 
sultant on research organization for the U. S. Air Force at Wright- 
Patterson Air Force Base. Currently, he is a consultant to the 
that at 5 yd Chemical Corps and is a member of the Panel on Materials 
and maf of the Research and Development Board for the armed services. 
ypes the! in ees three * y-aied oe — headed the eens st 
from thi ‘ . f uclear power projec t. low withe rew 
Is project in 1954, but is continuing its own extensive 


§ en research with emphasis on utilization of nuclear reactor 
actenis Products. He was a research counselor until June of 1953, at 
nalyticl time he was appointed to the position of director of 


— Research and Development for The Dow Chemical Com- 


ntinuot Dr. Grebe is vice president and director of Dowell, Incorpo- 

therm rated, a Dow subsidiary. 

ramet In 1943, he was the youngest man to ever receive the Chemical 
Industry al for his outstanding contributions in the field of 


research. In 1946, he was the recipient of the Hyatt 
Award for plastics. ‘ rs 
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10th Annual Instrument-Automation 
Conference and Exhibit 


Each year the Instrument Society of America conducts 
an Annual Conference and Exhibit for the advancement 
of all aspects of instrumentation and automatic control 
for both the manufacturer and user. The 1955 event will 
be held during the week of September 12th at the Shrine 
Exposition Hall and Auditorium at Los Angeles, Cali- 
fornia. Commonly referred to as the “ISA Show’ this 
event has grown to become the largest single technical 
exhibit and meeting in the field of measurement and 
control. It is organized for the purpose of exchanging 
and discussing information through the conduct of 
technical sessions, clinics, workshops, symposia, exhibits, 
plant tours, committee meetings, and social events. 


Because of the great variety and level of technical in- 
formation available, every individual concerned with 
measurement and control will find the Los Angeles Show 
of professional interest. 

The “ISA Show” fills a vital role in the most rapidly 
expanding technology of our industrial economy—trecent- 
ly termed by the word automation. The Instrument So- 
ciety of America is cognizant of its responsibility as the 
only technical society devoted exclusively to the broad 
field of industrial and scientific instrumentation, auto- 
matic control and automation. Continued effort is being 
made to improve present activities and integrate those 
additional groups which are required to keep pace with 
the many new developments and applications. Through 
the year-round Society activities and the Annual Con- 
ference and Exhibit ISA aims to provide greater service to 
all strata of professional and technical personnel. It is 
the organized effort of thousands of individuals with a 
common interest. 

The Los Angeles ISA Show will bring together nearly 
300 of the nation’s leading manufacturers who will dis- 
play and demonstrate the latest instruments, components, 
controls, accessories, and services for the user and con- 
sultant. 

The Technical Sessions will include over 80 top-level 
papers and discussions by expert engineers, operating 
personnel, educators, and scientists, covering all aspects 
of instrumentation. Included are twenty-seven sessions 
programmed by the ISA Technical Division Committees 
and six sessions conducted by the four cooperating so- 
cieties — American Society of Mechanical Engineers, 
American Institute of Electrical Engineers, Institute of 
Radio Engineers, and the Southern California Meter As- 
sociation. 

Of significant interest to those concerned with demon- 
stration and lecture of the very latest instruments, are the 
three clinics, and a workshop. The Ceimputers Clinic 
will feature six 24-hour sessions by six of the nation’s 
leading computer manufacturers. The Analytical Instru- 
ments Clinic will be conducted by nine manufacturers of 
measuring instruments in six 3-hour sessions. The In- 
struments Maintenance Clinic, designed for technicians 
and operating personnel, will be conducted by 25 leading 
instrument manufacturers with a choice from three differ- 
ent, well balanced programs. 

The Annual ISA Conference and Exhibit is also the 
scene of National Committee meetings, top-level Society 
policy and administration meetings, and members’ ac- 
tivities. The Members’ Annual Banquet, to be held at 
the famous Hollywood Moulin Rouge on September 14th 
in Los Angeles, will climax the year of ISA activity. 

Beginning on page 261 will be found complete ad- 
vance information about the 10th Annual ISA Show. 
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Control of Surge 
In Centrifugal 


Compressors 


BY 


T. F. McGRATH 


Senior Engineer 
AND 


G. J. FIEDLER 


Principal Engineer 


Controls & Instrumentation Section 
Sverdrup & Parcel, Inc. 
Saint Louis, Missouri 


HE AIR SUPPLY for a large supersonic wind tunnel 

consists of twelve centrifugal compressors which may be 
operated in series, parallel, and series-parallel arrangements 
in order to obtain a pressure range from 2500 to 10 psia and 
a flow range of 200 to 4 lb of air per sec. Air-supply pres- 
sure must be held to +0.1 per cent of the set-point pressure. 

The design of a control system to prevent surging of the 
compressors presented a very interesting problem. Surge 
control is necessary in order to hold pressure and flow 
within the required accuracy limits and to prevent damage 
to the equipment. Prevention of surge is particularly im- 
portant and critical when a number of compressors are 
connected in series to obtain high pressures. Any slight 
pressure variation due to one compressor is amplified by the 
others upstream tending to throw the whole compressor 
system into violent surge. 


To prevent surge it is necessary to hold the flow of air 
through the compressor to a value higher than the “surge 
point” on the compressor characteristic. For reasons of 
economy, speed control of the compressor drive was not 
used. Instead, a control valve is employed with each com- 
pressor, as shown in Fig. l(a), in order to bypass the 
required amount of air around the compressor when the 
demand falls below the critical flow point. In this manner, 
the flow of air (w.) through the compressor is held at some 
fixed safe value over wide flow variations (w,) of the load. 
Sach compressor output fiows through an after-cooler in 
order to prevent excessively high temperatures at the inlet 
of the next compressor in the series. 
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Control vaive in compressor unit 
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Fig. 1 (a) 


Presented at The American Society of Mechanical Engineers’ Instruments 
& Regulators Conference, Ann Arbor, Michigan, April 25-26, 5. 


@ A practical solution to a control pro. 
lem based on mathematical, frequeng 


response and analog analysis 





@ Of significant interest is the derivatiq 
of control vaive equations and ei 
eriticeal influence of valve characte. | 


isties on contro! system design... | 


The equipment for this system was chosen in advanced 
any systems study. The surge valves were chosen and sized 
for a large excess of bypass flow in order that they could 
used for compressor calibration. It was important to dete | 
mine that this equipment was amenable to a method d| 
satisfactory pressure control. It was also necessary 
determine to what accuracy any pressure fluctuation 
through the system could be controlled in order to define 
the reguirements for the remainder of the system. 






































wy 
CONTROL VALVE 
us, Co We “we c, Cm i 
R R 
Fig. 1 (b) Physical components of compressor system 


SYSTEMS ANALYSIS 


To determine the control requirements a_ systell 
analysis was made as a first step. Fig. 1(b) is a diagral 
displaying the physical relationships existing in the systel 
Parameters are defined in foot-pound-second units as fol 


lows: 

Ww; weight flow (pounds) of air from preceding compre 
sor 

Ww weight flow (pounds) of air through compressor 

Ww, weight flow (pounds) of air to load 

Ww, weight flow (pounds) of air through valve 

ie capacity of system from control valve to compress 
inlet 

C, capacity of system from compressor outlet to control | 
valve* 

r. pressure at inlet to compressor 

P, pressure at outlet of cooler 

R, = lumped flow resistance of cooler and inlet and outlet 
piping 





*These capacities do not include piping to load. 
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ABSTRACT 


Systems engineering principles are applied to the design 
of surge control for several large compressors which op- 
erate in series to supply high-pressure air for a plant 
having 2 widely varying demand both in pressure and 
volume flow. Surge control is necessary to prevent dam- 
age to the equipment and to hold pressure and flow to 
the high accuracy requirements of the system. Surge 
control is accomplished by means of a control valve em- 
ployed with each compressor in order to bypass the re- 
quired amount of air around the compressor when the 
demand falls below the ‘‘critical flow’’ point on the com- 
pressor characteristic. This paper presents the results 
of an analytic and analog study of the problem for one 
compressor-and-surge-valve combination. The compres- 
sor system is analyzed using standard frequency-response 
methods supplemented by the electronic analog computer. 
The transfer functions are derived from basic thermody- 
namic relationships using the small perturbation method 
of linearization. The relationships are expressed op- 
erationally and the coefficients are evaluated for this 
particular compressor. The control-loop block diagrem 
is drawn and the basic control-valve requirements are 
evolved. Valve equations are derived and their cor- 
responding physical counterparts are described. It is 
demonstrated that these requirements cannot be met by 
presently available commercial valve designs. Valve 
dynamics are presented. Valve characteristics are shown 
to be dependent on the characteristics of the compres- 
sor. The system-analysis methods used may be applied 
to any process equipment and the valve which regulates 
its action. 


Method of Linearization 


In common with practically all physical systems, the 
equipment analyzed here does not have linear characteris- 
ties over the required operating range. To analyze a system 
of this type by mathematical methods, it is necessary to 
linearize the characteristics by assuming small perturba- 
tions around the operating point of the equipment. The 
dependent variables are nonlinear functions of the other 
variables; for example 


Dp f(X,y,z) (1) 
The total differential form becomes 


te) op ap 
a=. — a+ = dy + P az (2) 


Oy 
The delta form is 


op ep op 


AZ (3) 
If we use the small perturbation theory and assume that 
ws relationships expressed by the above equation apply to 
shear finite increments around the operating point, we can 
Tewrite Equation (3) as follows: 


Pp oP, OP, oP 
= ES de _ rt 
3x X Dy Y 4 — | (4) 
— P, is the value at the operating point and the capi- 
ed letters indicate the finite increment. Since the 


Small finite increments are linear, Equation (4) may be 
Written as 


P = K,X + K.Y + K,Z (5) 
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where the partial differentials are treated as constants 
which may be evaluated by analytic methods or by measur- 
ing the slope of the curve at the operating point. It is 
necessary to use sound engineering judgment in the use of 
this method. However, experience proves that the accura- 
cies obtained are usually satisfactory for engineering design 
purposes. If this method cannot be used, it is usually neces- 
sary to employ analog methods to obtain a satisfactory 
solution. 


System Capacitance 
Each element of the system shown in Fig. 1(b) has an 
associated volume. The gas used is air, which is com- 


pressible, hence the flow-in does not equal the flow-out of 


the various volumes. The equation of state for a perfect 


gas is 


pV 
. (6) 
Re , 
where Pp = _s pressure, psf 
V volume, cu ft 
4 temperature, deg R 
R gas constant 
W = weight, lb 


The rate of change of weight is the difference between 
in-flow and out-flow, or 


dw ’ d ( pV 
dt Wee a Wane dt Re ) 
and 
Vv ( dn Dp d ” 
= won Re dt ~ #4 dt ) 4) 


For our system We can assume that the process is adiabatic, 
hence 
dé y—1 dp 
= (S) 
HW + p 
Where + is the ratio of specific heats (1.4 for air approx.) 
Substituting Equation (8) in Equation (7) we obtain 


V ( +¥—1 dp 
—-", ) dt 
V dp 

yRe- dt 

dp 


C at 


(9) 


and the volumetric capacity of the system is 


Vv 


( ~Re (10) 


Compressor Equations 
The compressor serves as the energy supply to the sys- 


tem. The weight flow of air through the compressor is 
given by 


Ww. 64, (11) 
where WwW. weight flow 
6 = air density 
aq = inlet volume flow 


The density of the inlet air from the perfect gas law is 


dD 
6 = . (12) 
Re 
where Po inlet air pressure 
0 inlet air temperature 
R gas constant for air 


The volume flow is proportional to the pressure ratio across 
the compressor, hence 


qa; Kf, (13) 


No 
eo 
\a 








where 


= B) 


qd: = compressor volume flow 

P, = _ inlet pressure 

P, = outlet pressure 

K = _ constant of proportionality 


Differentiating and linearizing as explained previously, we 
get 


OF ro oF 


df. = dp, + SP. dp, 


= —>p, (14) 
Substituting Equation (12) in Equation (11) it becomes 


r 


WwW. = ‘Roe Po f. 


= f (Do, £ ) 


Taking the total differential of Equation (15) we obtain 
(assuming constant temperature) 


{15) 


: OWco 
dw. = 5, apo + 3p Ate 


Substituting Equation 14 in the above 


oF.. 
dp, + —Sp, 9Ps 


Using the linearizing techniques we may write 


W. 


OWeo QWeo| OF eo 
dw. — OP» ‘ dp, + ; mel OP: 


K, P, + Kz [K; P, + K, P.] 
(K, + K, K,) i. + K, K, P, 
K.P, + KP, 


Hl ll 


(16) 


The constants in Equation 16 are evaluated from the com- 
pressor characteristic curve at the operating point (see 
Appendix A). 


Valve Equation 


As shown in Fig. 1(b) the valve must operate across the 
compressor. The pressure ratio across the valve is there- 
fore essentially the same as that of the compressor, result- 
ing in critical flow through the valve.’ For the compressor 
to go into surge, the compression ratio across the compres- 
sor must rise with resulting lower volume flow. Therefore, 
the valve operation is only important during a situation 
which results in critical flow. For this situation, the flow 
through the valve is only a function of valve position which 
results in a valve-area change, and a change in upstream 
air pressure. Therefore, we may write 


wy, = f (x, Di) (17) 
where 
Ww, = Weight flow through valve 
x = valve stem position 
p, = inlet pressure at valve 
Taking the total differential, we obtain 
Ow, OWy 
~~ =- = — 
ox ex + OP: dp, 
Using the linearization technique 
OWvo Ow. 
Y= - x 
ox + op, ™ 
= KX + K, P, (18) 


The constants K, and K, are evaluated using methods 
demonstrated in “Automatic Feedback Control” by Ahrendt 
and Taplin (see Appendix B). 


Systems-Analysis Assumptions 


The following assumptions are made to simplify the 
analysis: 





1Pressure ratio is greater than |.9. 
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1 The air will be at uniform temperature throughoy 
The entering air will be held at 100°F by the pr 
cooler, and the heat of compression will be removed Dy the 
after-cooler to reduce the air to 100°F, (560°R)2 

2 With the exception of the heat of compressigg 
the after-cooler, the system will behave adiabatically, 

3 Due to the synchronous motor drive, the COMpreggy 
will run at constant speed. 

4 The volume flow through the compressor is a functig 
of pressure ratio only. 

5 The flow through the control valve is critical. 

6 The pressure drop in the bypass piping is Negligible 

7 The inertia of the air can be neglected. 

Pressure drops due to flow resistance are Negligibiy 
compared to static pressures and may be neglected, 

9 The incoming flow from the previous stage is cons 
tant, therefore the change in w, is zero for our system, 


oo 


System Equations 


For the system shown in Fig. 1(b), the valve and op, 
pressor equations derivations, the assumptions of the pre 
ceding section, and the laws of thermodynamics are yyy 
to write the necessary equations for the analysis, Ty 
following system equations are written using the Laplay 
transform of the differential equation. | 





We must determine the relationships between presgyy 
and weight flow which are the principal variables in gg | 
analysis. The change in pressure with respect to time forg 
given volume is proportional to the difference between th | 
weight flow-in and the weight flow-out of the volume. Fr | 
Equation (9) we write 


dp Re 
dt =™ Vv (Win — Wout) 
and 
_yRe 


Pp — Vv (ow —_ Wout) dt 


Putting this in operational form, with zero initial condition 








Re 1 
p = . V : a (Win —— Wout) 
From Equation (10) 
Cc 4 
° Re 
therefore 
: , , (19) 
p = cs ( Ww in Wout ) 
Similarly, we can write, (w, held constant) | 
1 
DP = Gs i <a 0k.3 (20) 
and 
1 9 
oii 1 eee . . , 21) 
Pr = Gs in Rh ae WED ( 
Rewriting Equation (16) 
W. = K. P, + K P, (16 
Rewriting Equation (18) 
Ww, = K, X + Kp P, (18) 


Substituting the values for w, and w, in Equation (20) and 
(21), we obtain 


>, (kK, —.X) 2, + &, x (22) 
° K. + C.S 

and 
P, es | W. (28) 


Kp — K + CS 





2This does not apply to transient conditions, but can be used to obtit 
steady state information. 
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Equations (16), (18), (22), and (23) define the complete 

tem. We desire to control surge in the system by main- 
oe the weight flow through the compressor w,, in the 
face of a disturbance in the outflow w.,, by allowing a bypass 
flow W,, to pass through the bypass valve. The flow w,, into 
the system is considered to be a constant flow. Therefore, 
we need to determine the relationship between W., W., and 
" By proper substitution between the given equations, we 


obtain 
(Cc, 8K. — C.SK) K,X — (KC,S + K. K,) W. 
W. = Go.e + k,C.S —KCS+K.Cs 





The block diagram for this system is shown in Fig. 2. 
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Fig. 2 Block diagram of system 


The control system is essentially a one-way system. We 
do not attempt to hold the pressure ratio across the com- 
pressor constant, instead, the pressure ratio is not allowed 
to exceed a certain critical limit to prevent surge. The 
physical essentials of the system are shown in Fig. 3(a). 
In order to hold W. constant when the control operates, it 
ig necessary to increase Ww, as Ww, decreases. The flow w, 
through the control valve is, as shown previously, a func- 
tion only of the effective area of the valve and the upstream 
pressure P,. The control valve must function to compensate 
for disturbing decreases in the flow w, to the using system. 

There are two disturbance functions which, when com- 
bined, can be used to represent any flow disturbance which 
may occur in the system. These are the step-type of dis- 
turbance shown in Fig. 3(b) and the ramp-type of distur- 
bance shown in Fig. 3(c). As indicated in Fig. 3(b), the 
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Fig.3 (a) Physical com- 


Fig. 3 (b) Step- 
ponents of control system 


type disturbance 


Fig. 3 (c) Ramp- 
type disturbance 


operational form for the step-type is w, = w/s and for the 
ramp-type, it is w, = w/s*, where w is the magnitude and 
Tate, respectively, in each case. For our physical system, 
the ramp disturbance was used to determine the error 
characteristics. 
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Block diagram of system and possible control loop 


The block diagram for the system and its possible con- 
loop are shown in Fig. 4. In this diagram, G,. is the 
er function for the proposed controller and G,, is the 
er function for the measurement system. W., is the 
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set value for w.. From this block diagram, the relationship 
between w, and w. can be written as follows: 


Ww. —(K C.8 + K. K,) 
w. s[cC,c.s + K,C, — KC, + K.C, + 
K. K, C, G.G,. — K K, C. G. G,.)} (24) 


The steady-state error for the ramp input in the system 


may be written as 
W. W. 
S = . = - a (25) 
S$? Ss 


W, 
E,. = 
WwW s-0 


The error is infinite unless there exists an element in 
G,. to remove the S terms from the denominator. 

If we assume G, == K,/S and G,, = K,,/S, using integral 
control and feedback compensation, we can write 


—(KC,S + K.K,) 


a 2 ee : 
Ww. = — [ cc. S* + (K,C, — KC, + K.C,)S? + 
K.K,C,K,K, — KK,C.Ki.Km (26) 
For a ramp input, w, = W/S* 
~ = 


W. 97 
E,, ( Ww )= K.K.K. (K.C, — KG,) co) 
Examination of Equation (27) shows that for a ramp 
input, the steady-state error is a function of both the system 
and the controls. To minimize the error, K,. and K, should 
be small numbers; K,, K,, and K,, should be large. The 
difference between K., C,, and KC, should be large. How- 
ever, only K,, and K, can be changed, since all others are 
fixed by the equipment chosen. 


The gain, K,,, in the measurement system can be varied, 
but it is unusual to vary this. Standard devices for this 
measurement are commercially available, but the gain is 
kept low to keep the measurement system linear. The con- 
troller gain, K,, can usually be varied, and a wide range of 
gain adjustment is usually available in the controller. The 
valve gain K,, is a fixed function of the valve. Valve gain 
can be made a constant for a fixed pressure across the valve 
by using a function fitter for interpreting the input signal 
to match the valve to a required linear flow. Valve gain 
must be high enough at all flow ranges to minimize the 
error, and low enough so that the controller gain can be 
varied over a fairly wide range of flow operation while 
maintaining a stable system. 


The effect of valve operation on compressor input pres- 
sure, P,, has not been discussed. It is noted that the in- 
crease in P, with increased flow through the valve tends to 
decrease the pressure ratio across the compressor which is 
in the safe direction. However, as the pressure ratio de- 
creases, the output weight flow of the compressor also in- 
creases, and P, increases. This could lead to system in- 
stability. A stability check has been made on this system 
using analog computer methods.’ The results of the analog 
study are shown in Fig. 5. From Fig. 6, the variation in K, 
is seen to be extremely wide. The gain at a high flow rate 
is high, but at a low flow rate is extremely low. If the con- 
troller gain is set high to compensate for the low value gain, 
the system becomes unstable. If the controller gain is set 
low, the error is so high that the control valve cannot keep 
the compressor out of surge. The analog bears out the re- 
sults that can be gained from examination of the system 
equations. 


The analog study shows that the control valve must be 
modified to make it compatible with the control system. 
The high gain is a result of an oversized valve. The range 
of gain adjustment required on the controller can be re- 
duced by resizing the valve. If the valve can be made 
linear in weight flow with respect to valve life, the con- 
troller gain will then become the significant variable in the 
error equation. 
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The desired valve characteristic is shown in Fig. 6. No 
commercial valve is made to be this linear in operation. 
The characteristic of a commercially available valve plus 
the characteristic of the function fitter required to achieve 
the necessary linearity are also shown in Fig. 6. A function 
fitter having this characteristic can be obtained commer- 
cially (see Appendix C). 

For any valve now in existence, there exists a lift range 
commonly known as the “dead zone.” After the valve lifts 
from the seat, there is a small range of valve motion over 
which no accurate prediction of the flow through the valve 
can be made. Operation of the valve in this dead zone re- 
sults in marginal stability because the controller is con- 
tinuously attempting to correct the valve position. Large 
input and output capacities, capable of absorbing these 
variations in valve flow, can be used to stabilize the system 
under this condition. 

Due to this unpredictable flow range in the control valve, 
the flow from the volume in which P, is measured can vary 
from 0 to 5 per cent (0 to 15.7 lb/min) of the total weight 
flow which can pass through the control valve. Control is 
difficult in this dead-zone range, since the controller signals 
for a certain valve lift and the flow in this range of valve 
lift is not predictable. Therefore, in this range, the gain 
of the control system must be high enough to control the 
valve in an on-off manner, yet low enough to keep the sys- 
tem stable. For an oversized valve this presents an insol- 
uble problem. The valve should be sized to provide a 
maximum flow just large enough to keep the compressor 
out of surge. 



















ee Valve ya 
800) ee 
5 p Original Con tro/ Valve 
| Ma rimum Perm ssible Gains 
Original Walve 
Integral 0.00264 
J he 
Surge Point Prepor tional 0.000€4 
= 700. Idea/ Valve 
\ Integral 0.00688 
i) Proportional 0.00/8¢¢ 
Note: System anstable 
MW controller gains 
3 are erceeded 
2 
\ ol Ramp Oisturbance 
* 
A] 
= 600 : A“ 
sg m 
+) 
" 
is , 
3 D 
o << 
o /o 
Seconds 
500. 
oO 4/0 20 
Time in Seconds 
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To relate the physical concept to the mathematical re- 
quirement of gain in the system, we refer to Appendix D. 
In approximately 1 sec the rate change of pressure versus 
time for the output volume C, is approximately 10 psia, with 
W, as the only affecting flow. Assuming this to be a linear 
function, the valve and control system should operate from 
5 per cent open to close, or vice versa, in about 2.5 sec to 
hold P, within the required accuracy of +0.1 per cent of the 
set point. 


CONCLUSIONS 

We may draw the following conclusions from the 
analysis of this surge control system: 

1 The control-valve characteristics exert considerable 
influence on the design of the control system. Actual valve 
characteristics must be fully considered, rather than 
idealized representations of the valves. 


8This work was accomplished by the Askania Regulator Company and moni- 
tored by the authors. 
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2 The characteristics required for the control yalye | 
are established by the system in which the valve acts as, ' 


final control element. 


ogy means 


3 Conservative valve sizing which in present terminol | 
“oversizing,’ and selection can result in unsa#t 


isfactory control performance. The total requirements gf 
the valve must be evaluated and the valve specified accor 


ingly. 


4 Undesirable valve characteristics can be minimize | 
by the use of suitable function fitter inputs and by the w' 


of closed loop control systems around the valve. 


5 <A systems analysis is necessary to determine fully 
and accurately the requirements of the control valve ani 


the controller in a closed-loop control system. 
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APPENDIX A 


rmination of Constants for Compressor 


Dete 


r 


W. = K,P, + K.,[ KP; + K,P,] 


= (& 


W. = £,(P.)p 
1 


where 


plotted in Fig. 7 curve 5. 


: ( ow. 
K, = \ op, 





W. = f.(Px) 
plotted in Fig. 7 curve 2. 
h 
7 oe 
a K, 2 - 
” oP, P, 
ey pk Py ¢. ( P, )P, 
of / PSI, 


” 2 


| plotted in Fig. 7 curve 3. 


Ol valves 1 


acts 4 plotted in Fig. 7 curve 4. 


To determine the foregoing constants, a compressor 








terminol- : 2 
in er 4 operating point was selected and the value of the derivative, 
nek © slope, of the functions was determined graphically. 
4 onli Further reducing the compressor equation 
W. KP, + K.P, 
ninimizel 
Vv the we! where 
rine fully K. K, -+ K.K, 
valve and K = KK, 
s From the compressor curve the operating point selected 
is 
We ws 
we wh P, = pressure ratio = 2.0 
Pe vs.F P, = inlet pressure = 1250 psia 
Ash 6 = inlet temperature 100 F 
We vs. The values of the constants determined by the above 
method are 
K, = + 23.92 ie 
min 
| , T 
, K, — 1042 ee 
min 
. in? 
K; = + .000921 ——— 
lb 
- = in? 
K, = — .00175 iD 
Combining 
, ee in? 
K = K.K, = 0.96 anges 
min 
K, = K K.K = -}. 95.7 in’ 
i + K,K, | 25.744 nin 
APPENDIX B 
va rmination of Constants for 3-in. Angle Valve Pre- 
>= PSA usly Purchased for Control 
Maximum flow = 6.7 x 10° SCFH 
ition W, = K,X + K,P 
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where 


2 Ow 
K, = Ox iio P 


“— Ow 
K, op /const x 


x = valve lift, in. 
w = weight flow through valve, lb 
Operating conditions for the valve at critical flow are 


and 


P, —2500 psia 
g@ —560° deg R 
In Fig. 8 the change in weight flow with change in 
pressure is illustrated for three values of x 


K, 0.8 in.?/min 
x= 123 in. 

K, = 0.2 in.*/min 
x 0.9 in. 

K, = 0.08 in.?/min 
x= 06.7 i. 


These values are the slopes of the function. 
In Fig. 9 the volume flow versus valve lift is shown. The 
weight flow is 


W, = Q 
where Q volume flow and 6 density. 
At 
a. 2500 psia 
. W, - lb 
K, - 17.1460-——; 
x min in 


(evaluated from 1.2 in. to 2 in. valve lift) 


The dead-zone effect on the compressor is also shown in 
Fig. 9. 
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APPENDIX C 
Requirements for the Ideal Valve 
As shown in the text of the paper, the valve should be 
linear with K,. If we define K, as the change in C, with 
valve lift, then 


ox 
The ideal valve curve is shown in Fig. 9 for the maximum 
desired flow, and 


K, = 17.5 C,/in. 


No commercial valve has this required characteristic. <A 
commercial valve characteristic is shown in Fig. 9. A func- 
tion fitter can be used with this valve as an intermediate 
amplifier to increase the valve lift for the C, operating point 
which is required for the valve to meet the control condi- 
tions. The function fitter required is demonstrated in Fig. 9. 


APPENDIX D 


Determination of Possible Pressure Error in Systems Due 
to Valve Dead-Zone Operation 

The system is treated as a volume at initial pressure P, 
of 2500 psia, with a constant weight flow of 15.7 lb/min 
leaving. 


Weight of air in system volume X density 


Ww= Va 
V.= 62:5 en ft 
8’= 12.2 pef 
W = 765 lb 
765 — 15.7t 

"= 0.306 

= 2500 — 51.3t 

at t = 2.5 sec 
P, = 2475 which is limit of tolerable error 
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@ New Developments in Measurement 


and Control Calls for Reappraisal of 
Instrumentation Practices at Atlantic 
Refining Company Plant at Atreco 


Flectronic Instrumentation 
for Atlantic’s Catformer 


by F. C. Somers and R. C. Fuhs, 


Why Electronic Controls 


URING THE preliminary design of the 8,000 bbl/day At- 

lantic Catformer at Atreco, Atlantic’s Engineering and 
Construction Department decided that recent developments 
in instruments and controls, particularly along electronic 
lines, justified a reappraisal of Atlantic’s instrument prac- 
tices and a thorough evaluation of available equipment of 
both the pneumatic and electronic types. The reappraisal 
indicated that a first-class, thoroughly modern installation 
should satisfy these requirements: 


a) Operate dependably and accurately. 


b) Offer low first cost. As the number of instruments 
and controls has increased, the cost of the equipment 
and interconnections has required closer scrutiny. The 
skilled labor required for the tubing work between 
pheumatic transmitters and controllers, plus the costs 
of such auxiliaries as air compressors, filters, driers, 
ee there should be less costly ways of doing the 
job. 

¢) Require minimum size control house. That the trend 
M control houses is strongly in the direction of larger 
and more elaborate buildings is apparent to all. Un- 
fortunately, the consequences in terms of overall cost 
of the instrument installation are not always appre- 
ciated. 

) Require minimum operating personnel. Some instru- 
ment panels cover so much space that they require the 
attention of several operators. 

¢) Require less maintenance and be easier to maintain 
when maintenance is required. 

f) Be adaptable to incorporating probably future devel- 
opments in the field of automation. 


‘Engineering 


and Construction Department, The Atlantic Refining Co. 





Fig. 1 Space economies were made possible by a combination of 
miniature instruments in a console arrangement (Fig. 2) in the 
control house at the far right foreground shown above 


An electronic instrument system appeared to fulfill the 
above requirements more nearly than a pneumatic sys- 
tem. The marked reduction in moving parts and the in- 
herent accuracy and absence of time lag in electrical meas- 
urements indicated the electronic system was potentially 
more dependable, as well as more accurate. Electronic sys- 
tem installed cost was estimated at about 12% less than 
an equivalent pneumatic system. Squipment costs were 
not significantly different. Installation costs, and par- 
ticularly the cost of electric wiring versus pneumatic tub- 
ing, accounted for much of the saving. 

A study of control house layouts showed that electronic 
instruments in a console arrangement resulted in minimum 
size control house. As can be seen from Figure 2, the con- 
sole is not much larger than a conventional desk. All in- 
struments and controls are readily visible and accessible 
to a single operator, which is most desirable when operat- 
ing the plant with a minimum number of shift operators. 
The fact that electronic instruments have few moving parts, 
none of which is delicate, points in the direction of less 
maintenance. The “plug-in” feature, in conjunction with 
the fact that control action can be preset without cut and 
try adjustments after installation, makes interchanging 
units a simple matter and permits maintenance under fa- 
vorable shop conditions. 

Virtually all foreseeable future advancements, such as 
automatic data gathering systems, convert the measured 
quantities to electrical units, and from this standpoint, 
the electronic equipment is particularly advantageous. The 
electronic system appeared superior on all points, and al- 
though there was not sufficient operating experience avail- 
able to substantiate the conclusions, the potential advan- 
tages appeared great enough to justify pioneering a full- 
scale installation. Accordingly, Atlantic, in conjunction 
with the H. K. Ferguson Company, proceeded with the de- 
sign and installation of an electronic instrument and con- 
trol system for the Catformer at Atreco. The plant has 


Fig. 2 
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Fig. 3 


been in operation since August, 1954. The electronic sys- 
tem employed is the Swartwout Autronic Control system. 
Measured variables are converted to a 0 to 0.5 volt, 60 
cycle, AC signal by the primary element or transmitter for 
transmission to the indicator, recorder, or controller. The 
controller converts the difference between the transmitter 
signal and the set point signal to a DC current which 
actuates an electro-pneumatic transducer, called the power 
relay. Air output of the power relay actuates any standard 
diaphragm valve. 


Mechanical design of instruments is a factor often over- 
shadowed by considerations of operating principles and po- 
tential performance. Actually, sound mechanical design 
is a basic requirement for peak performance, stable opera- 
tion, and reasonable maintenance. In selecting instrument 
equipment for this project, mechanical design was a prime 
consideration, and it is believed that the equipment used 
is outstanding in this respect. Figure 3 shows a trans- 
mitter and a power relay, both without enclosure covers. 


Recorders and controllers are flush mounted, miniature, 
“plug-in” type, designed for minimum panel space. ‘“Plug- 
in” construction permits removing controllers and recorders 
without disturbing external connections. Figure 3 shows 
a recorder and controller removed from their mounting 
frames. The “plug-in” socket is shown at the rear of the 
recorder chassis. Note that the controller adjustments are 
readily accessible from the front of the panel. The general 
absence of delicate moving parts in all components of the 
system is in contrast to constructions commonly encountered 
in other types of instruments. 


A complete list of the instrumentation installed is as fol- 
lows: 

1) Twenty recording systems, consisting of nine flows, 
six pressures, and five temperatures. (Electronic 
Transmitters and Recorders) 

Fourteen controlling systems, consisting of six flows, 

five pressures, and three temperatures. (Electronic 

Transmitters, Recorders, and Controllers) 

Forty thermocouple points. (Read on an electronic 

type indicating potentiometer). 

Four liquid level indicators and controllers. 

matic type) 

Two liquid level controllers. 

—locally mounted) 

6) Two high level alarms. 
switches) 

7) The operation of all compressors and pump drives is 
monitored by running lights. 

8) A cooling tower low water level and gas alarm. 

9) Speed Controllers on the four compressors. (Pneu- 
matic — locally mounted) 


2 


3 


— 


4 (Pneu- 


— 


5 (Pneumatic Controllers 


— 


(Triggered by float actuated 
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With respect to items 4 and 5, pneumatic liquid level oq 
trollers were selected because a suitable electronic 
ment was not available. Pneumatic speed controllers gs 
locally mounted and electrical transmission and contry 
was not considered necessary. 


All instrumentation, with the exception of the COMPreggy 
speed controllers and two liquid level controllers, jg mount 
ed in a console type panel located in the contro] house. i 
photograph of the console is shown in Figure 2, The oop 
sole arrangement is something of a departure from th 
currently popular graphic panel arrangement. Graph 
panels may have some initial advantages in training gy 
familiarizing the operators with the plant, but these aj 
vantages are only temporary at best. The higher first cog, 
excess building space requirements, and general lack of 
convenience in operation as compared.to a console are dis 
advantages that continue for the life of the plant. 


As an example of the space economies that are Dossible 
by a combination of miniature instruments in a cong 
arrangement, the control house for this plant, whigh§ 
seen in the right foreground of Figure 1, has an argg 
only 350 square feet as compared to 900 square feet fm 
another recently constructed catformer using standard gp 
pneumatic instruments. 





The instrument system represents an electrical load gf 
approximately 1500 VA. Normally the instrument systey | 
is supplied from the plant lighting transformer by a singh 
115-volt circuit. A constant voltage transformer seryg | 
as both an isolating transformer and voltage regulator | 
Electrical isolation is required because the instruments ar 
grounded but the plant 115-volt system is not. The instr. 
ments are the null balance type and are not affected ly 
nominal voltage variations; hence the constant voltage fy. 
ture is not absolutely essential. 


The power supply circuit, along with all the power ani 
signal wiring from the transmitters and power relay, 
terminate at terminal blocks in distribution boxes located 
in the console. 

Individual disconnect switches and circuit protection | 
are provided to isolate either a recorder and its associate 
transmitter or a controller and its associated recorder ani 
transmitter. Separate disconnect switches and circuit pm 
tection are provided for the manual control and power rr 
lay. This permits the valve to be operated manually from 
the control house in case of failure in either the trans 
mitter, recorder, or controller. It is also possible to have 
a record of the controller variable while on by-pass cot 
trol in case of failure in the power relay. 





Although the plant is not designed to operate in case 
of complete electrical power failure, it was considered net 
essary to provide the instruments with emergency powd 
to protect against an abrupt loss of control. To insur 
continuous operation at guaranteed accuracy, the instr 
ment manufacturer required that the interruption not & 
ceed three seconds and that frequency regulation be kept | 
within plus or minus 3 cycles. To meet the threesecond 
requirement, it was necessary to install a special emé 
gency system for instrument and control power. This al& 
iliary unit is continuously operating and capable of deliver 
ing power immediately when called upon. Experience ® 
dicates that the emergency power requirements im 
were more exacting than necessary for this plant. Fiel 
tests, plus an unexpected complete power failure, indicate 
that instrument power may be off for up to ten seconds and 
still maintain satisfactory control for making an orderly 
shutdown of the unit. A single metal cableway mounted 
pipe supports runs the entire length of the plant and carrie 
all wiring between console, transmitters, thermocouples, and 
power relays. A photograph of the cableway is show! 1 
Figure 4. This construction was chosen over conduit 
its initial economy and its future flexibility. The cableway 
system obviously simplifies the problem of relocating 
adding instruments. The cableway is made of 16-gaugt 
hot dipped galvanized iron with a U-shaped channel lid 
sealed with a Neoprene gasket. Branch connections frow 
the cableway system to the field transmitters, power relays, 
and thermocouples are made with rigid steel conduit. 4 
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Fig. 4 


seal fitting is provided in all conduits at the transmitters 
and power relays. A typical installation is shown in Fig- 
ure 5. 


All wiring consists of multiconductor cables. Except for 
thermocouple leads, the insulation and jackets are of the 
thermoplastic type. The transmitters use four-conductor 
cables while the power relays require two-conductor cables. 
Instead of providing spare conductors in each cable, several 
spare cables were included in the original installation. 
These spare cables extend the full length of the duct system 
and thus may be picked up at any point desired. 


The transmitters and power relays have approved ex- 
plosion-proof enclosures. The electronic transmitters are 
installed as would be any other type instrument with the 
exception that 18 inches of clearance is required below 
them to permit calibrations by hanging dead weights from 
apoint at the rear. See Figure 6. The transmitters are 
equipped with an internal vibration dampener; however, in 
locations subject to unusual vibration, it was found neces- 
sary to provide additional external dampening. Power 
telays are not equipped with any internal dampening and 
are rigidly mounted. 


As mentioned above, this plant has 15 flow transmitters, 
all of which are the DP type with teflon diaphragms. The 
diaphragms for the pressure transmitters are stainless steel. 


The primary element for a temperature recorder or con- 
tolling system may be any thermocouple or resistance ele- 
ment. This installation employs iron-constantan thermo- 
couples, with a thermocouple-converter located in the con- 
sole. The thermocouple-converter converts the thermocou- 
ple DC millivoltage to an AC/signal to feed other instru- 
ments in the system. The field mounted primary elements 
4 Installed here have one shortcoming in that they do not 
provide a local indication of the measured variable. How- 
Wer, this problem has since been overcome and an instru- 
ment for a local reading is now available. 


The Performance of the instrument installation during 
startup and subsequent operation has exceeded expecta- 
tions. The entire catformer is being operated by two men 
ber shift. While the electronic instrument system is not 
primarily responsible for this, it is certain that the ease 

dependability of operation of the controls, together 

the fact that the console arrangement makes all con- 

and instruments readily accessible and visible to a 
single operator, has been a factor. 
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A period of finding and eliminating the “bugs” was an- 
ticipated, but in this case the “bugs” never materialized. 
The start-up of the plant was free of instrument problems. 
Operations to date have been characterized by the same per- 
formance and it is apparent that there are no problems 
peculiar to this electronic system. The few difficulties, 
such as chart drive failures, that have been experienced 
have been of a type common to instruments in general. 
Repeated failure of a flow transmitter metering the recycle 
gas on the discharge header of four compressors occurred. 
The use of pulsation dampeners and a heavier assembly for 
the transmitter supplied by the instrument manufacturer 
solved the problem. 


During start-up, the optimum settings for proportional 
band, automatic reset, and rate action were found by the 
usual “cut and try” procedure. The standard controller has 
a range of 2 to 200% proportional band, .03 to 20 repeats per 
minute automatic reset action, and .05 to 8 minutes rate 
action. Standard controllers are used for the three tempera- 
ture controls, while flow and pressure controllers have 
standard proportional band with a fast acting automatic 
reset action (.3 to 240 repeats per minute), but no rate 
action. The adjustments made during start-up clearly 
indicated that faster rate times are possible with the elec- 
tronic system than with a pneumatic system. Although 
direct comparisons were not made, it is estimated, based on 
past experience, that rate times used in this installation are 
50% faster than for a pneumatic system. The faster rate 
times make it possible to hold the controlled variable within 
a closer tolerance to the set point. Optimum settings for 
proportional band and automatic reset action were found 
to be comparable to similar settings for a typical pneumatic 
system. 


Speed of response of the instruments is definitely faster 
as compared to similarly installed pneumatic types. How- 
ever, because of the limitations of pneumatic control valves, 
it has not been possible to take full advantage of this 
feature. There is considerable effort underway to remove 
this obstacle, and more suitable control valves may be avail- 
able soon. 


The accuracy of the electronic measuring-recording sys- 
tem is one-half of one per cent. Unstable calibration has 
been a problem with older types of instruments. However, 
the inherent stability of electronic instruments makes it 
possible to maintain accurate calibration for indefinite 
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periods of time. Another advantage of this type of equip- 
ment is the fact that the recorder pen is completely dis- 
sociated from the controlling action. Thus accidental de- 
flection of the pen during inking operations, etc., does not 
affect control. 


Atlantic personnel are handling the maintenance of this 
equipment. This group, like most instrument departments, 
has had some experience with electronic equipment; how- 
ever, because of the scope of this project and the many 
details of a new system, a definite maintenance training 
program was conducted by an Atlantic engineer. 


To facilitate the instruction at the refinery and to simplify 
maintenance, a special test set-up was made. See Figure 6. 
The set-up is built around a portable Swartwout test unit 
which supplies simulated transmitter and set point signals. 
The bench also incorporates an adjustable voltage supply, 
an adjustable and regulated air supply, a voltmeter reading 
supply voltage, and a millimeter for controlled output 
current. A vacuum tube voltmeter is used to read check 
point voltage when the set-up is used for maintenance work. 
This set-up makes it possible to assemble a complete control 
loop for system calibration and to serve as a demonstrator 
for class instruction. It also provides convenient outlets 
for test and calibration of the individual units of the sys- 
tem. The cost of material for this set-up was approximately 
$250. 


In maintaining this equipment, field mounted units, such 
as transmitters and power relays, are repaired on the spot 
if possible. Console mounted instruments, being of the 
“plug-in” type, are returned to the instrument shop, where 
they can be maintained more efficiently. It is comparatively 
easy to isolate a system failure to a particular unit, i.e., 
recorder, controller, etc. If the faulty unit cannot be con- 
veniently or quickly repaired on the site, it is repiaced with 
a spare instrument. The faulty unit is then set up on the 
test bench, and through a system of check point voltages, 
the trouble isolated to a particular section or component. 
The unit is then repaired and recalibrated and placed in 
stock as a spare. Consistent and stable calibration and the 
ability to accurately preset control functions permit random 
interchange of units of the system. In addition, the ability 
to accurately present control functions makes it unnecessary 
to go through a cumbersome “in service” cut-try adjustment 
procedure when interchanging controllers. 


No unusual maintenance problems have been experienced; 
however, the installation has not been in service long 
enough to clearly establish maintenance requirements. 
Nevertheless, the ready interchangeability of equipment, 
the test and calibration bench, and the standardized pro- 
cedures have demonstrated that normal maintenance can be 
accomplished with minimum disruption of the process. 


There have been no tube failures to date. A program of 
tube replacements at regular intervals has not been estab- 
lished but will be considered when sufficient data on tube 
failures are accumulated. Industrial long-life tubes are 
used for the controllers, while standard tubes are used for 
the recorders. Since a recorder can be removed for repairs 
or tube replacement without disturbing control action, the 
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use of industrial tubes costing approximately five times 
much as standard tubes appeared uneconomice, 


In addition to a stock of component parts, complete gpg 
recorders, controllers, transmitters, power relays, ete, as 
stocked on the basis of one spare unit for every tep Unis 
in service with a minimum of one spare unit of each 
Based on operations to date, it appears that the Dumbe 
of spare units could be safely decreased. 


The obvious questions to ask after venturing into a le Hi 
field such as this are: (1) Have the objectives been ag 
lished? (2) From the experience gained, what Change 
will be made in future installations? The answer to th 
first question is a definite “yes”. The start-up was Mad: 
without delay due to instrument failures and Subsequey: 
operation has been continuous and dependable. There hare 
been no troubles peculiar to electronic systems, and While 
it is too early to draw conclusions regarding maintenang 
it is clear that the electronic instruments can be maintaing 
easily and without disruption of plant operation. The | 
plant is operating with two men per shift and improvemey, 
in control action has been realized. Savings in first con} 
have not materialized to the extent originally estimaty 
largely as a result of expenditures on an emergency poye 
system that experience has shown were unnecessary, 4 
valuable and reliable amount of experience in all phags 
of electronic instrumentation has been acquired which yj 
be exploited in future installations. 





Although this first installation has been more than gat 
factory, some improvements will be made in future install, | 
tions on the basis of the experience to date. For example: 
(1) Future similar installations will not include mahal 
elaborate emergency power system. (2) The field trans 
mitters will have indications near the control valve, ay | 
Electric or hydraulic control valves, if suitable ones ap | : 
available, will be used where speed of response is signif 
cant. (4) Further simplifications and economies in inte ti 
connecting wiring will be adopted. (5) The absence » 
winterizing problems in cold climates will be exploited 
(6) Initial stocks of spare instruments and parts will k} 
reduced. 


In conclusion, this plant has shown that electronic y 
process control is here to stay, and there seems little dowi| 1? 
that the future trend is going to be strongly in this dire V 
tion. 


Hein HN? 
ti as 
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strain gages 


By John Tarbox* 


ROPER APPLICATION of bonded resistance wire strain 
pa requires some knowledge of the way in which these 


gages measure strain. 
Strain, in engineering usage is defined: 


Change in length 


_ Changeinlength sai 
Original length Strain 


Symbolically this may be expressed: 


AL 

“L 

Mechanical extensometers, long used to obtain strain 
yalues in test members, measured by means of mechanical 
levers and gearing the change in length (AL) of a precise 
length (L). Great care in manufacture and in application 
of these gages Was necessary to obtain accurate results. 


= § 


Resistance wire strain gages indicate strain indirectly, 
taking advantage of the phenomenon that a strained wire 
exhibits a proportionate change in electrical resistance. 


ak 
i.e. R 
where G is the ‘Gage Factor’ of the gage. Over the normal 


range of usage G may be considered a constant. A typical 
value for G is 2.0. 


AL 
45 L 


In use the bonded resistance gage is securely cemented 
Cress Sections! Asn to the member under load. 

got When the member is 

"§ 40 . strained so is the gage. 
—*— Consequent resistance 


» 

i a \ 

hat os Dee changes give measurement 
a T 


of strain. The method, al- 
L AL 


though indirect, is precise 
—accuracies 0. 
Fig. 1. Length in inches. acournetes to 0.1 per cont 
stance in ohms 


can be achieved. Coupled 
with this accuracy is application flexibility quite out of 
reach of any mechanical extensometer. 








The resistance, R, of a length of wire is given by 


pL 


R= > 


Where p is the specific resistance. 


When the wire is stretched, A decreases and L increases. 
R consequently increases also. The changes in R, how- 
ever, are somewhat different than those that would be 
predicted by purely elastic straining. This difference is due 
‘ changes in the specific resistance factor, p- 


| 


tion Engineer, Consolidated Engineering Corporation, Pasadena, 


| 


an, Mr. Tarbox’s second in a series of articles on Strain Gages. 
Mr. article was published in April, page 107. Biographical sketch 
» Tarbox appears on page 106 of the April issue. 
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pl. 


Differentiating the equation R = A gives 
AdL LAdp — y 
peree + . p LpdA- 
A? 
or 
aR _ «al dp dA 
[." S Fa oe 


For cylindrical members, such as wire 


xD? dA 24D 
An FS © ye 
aR aL -—2 4D dp 


The —aie an ; 
1erefore, R L D ; 


dR/R = 1 —2 dD/D dp/ 
and d ple 


dL/L. dL/L * dL/L* 
aD/ D Unit change in diameter 
NoW 4L/L ~ “Unit change in length 


= —y, Poisson’s Ratio 


_ dR/R dp/p 
That is, +24 + aL/L > 


dL/L G, 


where G is the gage factor of the strain gage mentioned 
earlier. For plastic material whose volume remains un- 
changed under strain 


av CAS, Ch 
"A. * 2 
For cylindrical shapes 
dv 2dD_ ; dL 
,: ="s . = 
aD/D } 
an 4L/L~ nu = —% 


For elastic materials, such as metals, an elastic volume 
change occurs and Poisson’s Ratio, yu, lies between 0.25 and 
0.35. 


dp/p 


al 7L 8 dependent upon wire composition 


The value of 


and can vary considerably. Variations of this factor are 
utilized in developing wire with a high gage factor, such 
as was cited in the previous article. (See ISA Journal, 
April, 1955, p. 107). 


It should be emphasized that the gage factor of a strain 
gage can vary. The manufacturers maintain close control 
on wire composition but it is their figure of measured gage 
factor, stated on the package, which should be used in cal- 
culations. 


This analysis has identified components which make up 
G, the gage’s strain factor. This factor only governs re- 
sistance changes with strain. 


Electrical resistance will also change with changing 
temperature. In this case the change is defined by the 
equation: 


R, = R, (1 + a« (T, — T;) ) 
where R, = resistance at temperature T, 
R, = resistance at temperature T, 
co = temperature coefficient of resistance at tempera- 


ture T, 


Resistance changes due to temperature are indistinguish- 
able from resistance changes due to strain. Even when 
a record of test temperatures permits calculations of re- 
sulting resistance changes, the problem of data reduction 
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makes this approach impractical. Temperature compensa- 
tion in the measuring circuitry is the only practical answer. 


Resistance Measurement 


The change in resistance of the gages due to strain is 
small. Special circuitry to measure these small changes 
has been developed. In the main two kinds of circuits 
are used — the potentiometer circuit and the bridge cir- 
cuit. 
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(Fig. 2) 


(a) Potentiometer Circuit (b) Bucking Circuit (c) Capacitance Coupling 


The Potentiometer Circuit 


The voltage, E., across the gage R., is very large com- 
pared to the change in voltage \ E., which occurs during 
strain. A meter set to read voltages of the magnitude of 
E, would barely indicate change of magnitudes of A E,. 
Circumvention of this requires circuitry capable of buck- 
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ing or screening out voltage E,, thus permitting the uy 
of a sensitive meter to detect the voltage changes, 


Sketches (b) and (c) illustrate two possible technique, 
Circuit (b) requires a source of bucking voltage: Cireyi 
(c) is limited to detection of rapid voltage changes, 
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Fig. 3 Wheatstone Bridge 


Wheatstone Bridge 


The Wheatstone bridge type of circuit is not subject to 
the limitations of potentiometer circuits. The bridge net: 
work may be looked upon as two parallel potentiometer 
circuits arranged so that the tapped voltage from one poten- 





tiometer bucks out the voltage from the other. Since the 


measuring and bucking ‘arms’ of the bridge are powereg | 


by the same supply, variations in this supply voltage cange 
proportionate changes in both arms. This inherent ingens. 
tivity to suppy voltage flucuations, its simplicity and broad 
frequency accommodation have justified the almost excl. 


sive use in strain gage work of the Wheatstone bridge cir. | 


cuit. 


The next article will develop the bridge equations as 


they apply to strain gage applications. 


ENGINE PRESSURE INDICATORS starting on the opposite 
page is the first of a series by these co-authors from the 
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ENGINE PRESSURE INDICATORS 


Applications of the Balanced-Diaphragm Type 


By Gerald M. Rassweiler, John W. Leggat, 
Warren H. Smith, John D. Caplan 
Research Laboratories Division, General Motors Corp. 
Detroit, Michigan 


Engine indicator is a traditional term long used to denote a device 


which plots engine pressure diagrams. It consists of a pickup or trans- 


ducer. an intermediate electrical or mechanical system, and a viewing 


or{recording mechanism. Such a device has a wide variety of applic- 


ations outside the engine field. 


HE MEASUREMENT of combustion pressures in in- 

ternal combustion engines is an important and difficult 
task: important because it is the pressure developed by the 
combustion of fuel which drives the engine; difficult because 
of rapid changes in pressure, combined with high tempera- 
tures and mechanical vibrations. 


The development and application of engine indicators in 
General Motors was begun as early as 1916 by Mr. C. F. 
Kettering and his associates in connection with work on 
combustion and knock.' This work led to the discovery of 
the effectiveness of tetraethyllead as an anti-knock agent. 
Because pressure indicators continue to play an important 
part in combustion studies and engine development, the 
General Motors Research Laboratories have worked for 
many years on the development of better indicator equip- 
ment. 


Some of this work was published in 1944,? but since that 
time many additional improvements and applications have 
been made. It is planned to publish a series of papers 
covering this work. This and the second paper of the series 
Will discuss important applications of two types of indi- 
ators in automotive engineering. The remaining papers 
Will discuss developments, improvements, and performance 
of pressure transducers and their associated circuitry, ac- 
cessories, and recording equipment. 


Indicator Types 


Indicators which are suitable for internal combustion 
engines may be divided into two classes: (1) the averaging, 
or point-by-point type which derives a composite pressure 
tard from a large number of cycles; (2) the instantaneous 
type Which plots a continuous pressure curve from a single 
explosion. Each type has certain fields in which it is 
particularly applicable. The importance of the distinction 
arises from the fact that all the pressure cycles in an engine 
are Not alike: under any given set of engine conditions the 
Pressures fluctuate from cycle to cycle. Thus, the instan- 
— type must be used where records of single ex- 
~~ oral required as, for example, when studying the 
~ ky gn cycle to cycle or examining the phenomena 
caly ay autoignition. The averaging type can be used 
tees an re average values are acceptable. In many cases 

erage values are actually preferable to single ex- 
Dlosion data beause the former are more readily correlated 
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with dynamcmeter tests. In the past, the averaging type 
has been the more accurate and has usually been used when 
quantitative pressure values have been required. 
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Fig. 1 Schematic Drawing Shows the Elements of a Balanced-Diaphragm 
System Including Pressure Transducer Associated Circuits, and Indica- 
ting Means. 


The Balanced-Diaphragm Indicator 


This paper is limited to applications of the balanced- 
diaphragm indicator which is the most widely used averag- 
ing type. The operating principle will be reviewed only 
briefly here; it has been detailed elsewhere.* Figure 1 is a 
schematic diagram of the basic elements. The elements 
consist of (1) the transducer, (2) the trip circuit, which is 








an electronic device used to fire a strobolight at a time con- 
trolled by the transducer, (3) the calibrated flywheel where 
the crankangle at which the flash occurs may be observed 
beneath a stationary index. 

The transducer consists of a thin diaphragm clamped 
between two seats around its circumference. The under 
side of the diaphragm is exposed to the combustion chamber 
pressure. A controlled, selectable, static, balancing pres- 
sure is applied to the top surface of the diaphragm. Within 
the transducer is an insulated electrode with a contact in 
close proximity to the thin diaphragm. Motion of the 
diaphragm is utilized in making and breaking an electrical 
circuit through the contact. 

In operation, the selected balancing pressure is applied 
to the top of the diaphragm. As the engine pressure rises, 
it becomes equal to and then exceeds the balancing pressure 
thereby forcing the diaphragm to make contact with the 
electrode. This generates an electrical pulse which is 
applied to the input of the trip circuit which in turn fires 
the strobolight. The illumination of the calibrated fly- 
wheel by this strobolight permits observatien of the angle 
at which the balancing pressure is equal to the engine pres- 
sure. During the expansion stroke the engine pressure 
again equals the balancing pressure and the diaphragm 
moves away from the contact, generating a signal and per- 
mitting observation of another crankangle at which the 
pressures are balanced. 

The transducer, together with accessory equipment, will 
be covered in detail in later papers. The nature of the 
records obtained and some illustrations of engineering ap- 
plications will now be presented. 


6001 a 
° “MAKE” POINTS 


- “BREAK” POINTS 


















: 


3 


IGNITION —~ 


PRESSURE (PSIA) 
8 


N 
fo) 
-d 











100 - 
0 rT T T rT rT T ee | 
-—180° —135° -90° -45° TDC 45° 90° 135° 180° 


CRANK ANGLE (DEGREES AFTER TDC) 


Fig. 2 Each of the Points on this Typical Pressure Record was Obtained 
by Observing the Crank Angle at Which the Engine Pressure Equaled 
Preset Balancing Pressures in the Balanced Diaphragm Transducer. 


Typical Pressure Data 


Figure 2 illustrates a typical pressure diagram from a 
4-cycle engine as obtained with a balanced-diaphragm in- 
dicator. These data were obtained from an experimental 
Pontiac engine, operating at 2000 rpm, full throttle. The 
exhaust and intake strokes are plotted below the firing and 
expansion strokes to conserve space. Valve opening and 
closing events are marked (10, IC, etc.). These data were 
obtained by the calibrated flywheel and strobolamp method. 
Each individual point on the diagram represents a separate 
observation. To obtain a diagram by this method requires 
approximately one hour’s time, and when operating at 2000 
rpm, this represents approximately sixty thousand engine 
cycles. 


Horsepower Measurements 


Engine pressure data may be plotted against volume and 
used to determine indicated mean effective pressure and 
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indicated horsepower. This is commonly done with stean 
engines but seldom with internal combustion engines jy 
cause of the greater difficulty of obtaining good data. 


The normal practice with internal combustion engines j 
to measure the brake horsepower (BHP) with the engin 
driving a dynamometer, and then to shut off fue an 
ignition and measure the friction horsepower (FHP) » 
quired to “motor” the engine at the same speed, i.e., to drive 
it with the dynamometer. The sum of BHP and FHP js 
taken as IHP. This is a good approximation under mg 
conditions and has proved adequate for most engineering 
work. 


However the FHP and IHP so obtained from the 
dynamometer may be in error for several reasons: 


1. The actual friction between the rubbing surfaces my 
be different when the engine is operating with high pry 
sures and temperatures than when it is motoring. 
The pumping horsepower required to induct and exhangy 
the gaseous charge may not be the same under firing 
conditions as under motoring conditions. 
3. The dynamometer measurement of friction horsepowe 
includes a small factor resulting from heat lost from the 


to 





gases to the cylinder walls. This heat loss under motor. 
ing conditions is not connected with the firing cg. 
ditions and should not be included in the friction horse 
power. 


In view of these factors there are certain problems where 
the customary method is not adequate and pressure inéi- 
cators must be used. Therefore, a careful study has bee 
made of systematic and random errors involved in de 
termining IHP with a balanced diaphragm indicator. Re 
sults may be summarized as follows: 


‘ 
1. A systematic error of 1 crankangle degree, or about § 


microseconds at 2000 rpm, can result in 3% error in 
IHP. Every effort must, therefore, be made to eliminate 
errors due to time delay in transducer and electronics, 
or due to improper correlation of piston position and 
observed crankangle. 


2. A constant error in pressure does not change the are 
of the PV card or the derived IHP. (Constant errors in 
pressure have serious effects in other work particularly 
in the determination of polytropic exponents from log 
P — log V curves). 


3. The random errors in IHP introduced by the balanced 
diaphragm indicator can be reduced to about + 1% by 
careful attention to details. 


TABLE I 
Reproducibility Data 

BMEP lbs/sq. in, 36.5 45 54.8 64.2 
IMEP from Indicator 
Diagrams 

Trial No, 1 44.7 54.2 61.5 71 

Trial No, 2 45.5 54.7 62.5 7116 

Trial No, 3 49.5 55.5 -- *” 
Average 46.6 54.8 62.0 71.3 
Deviation % 

+ 4.1% 1. 1% 0. 8% 0, % 

- 6.2% 1. 3% 0. 8% 0.4% 


In support of the last conclusion, Table 1 presents de 
terminations of IMEP from pressure data obtained at ser 
eral engine outputs (several values of BMEP). The maxi- 
mum deviation in each direction from the average at each 
load is indicated at the bottom of the table. At low engine 
outputs, to the left of the table, the deviations were about 
5%. As engine output increased, the deviations decr 
to about 144%. These data include variations in the engine 
operator, plotting, planimeter, and dynamometer equipment. 
A number of these factors tend to increase the errors at low 
loads. Thus, it appears that only part of the deviation at 
the lowest load is chargeable to the indicator. 


Studies of Engine Friction 


Although the above accuracy is considered good for ordi 
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stu 
pat losses must be subtracted from the IHP in order 
“ obtain the losses due to mechanical friction. The dif- 
pdms yalues, of course, contain a much larger percentage 
sie than the original data. Nevertheless, indicators have 
co applied to this study because it is the only way to 
ptain valid information on mechanical friction under firing 
vonditions. Interesting results have been obtained. 
rt 
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Fig. 3. In this Example, Mechanical Friction Losses Measured with a 
Indicator while the Engine was Firing are Consistently Higher 
than Values Measured by Customary Engine-Test Methods which Involve 


“Motoring” the Engine. 


As an example, it was found that the mechanical friction 
losses as derived from the conventional motoring tests on 
the dynamometer were consistently different from values 
derived from pressure diagrams. As shown in Figure 3 the 
friction values obtained under firing conditions from the 
pressure diagrams are higher than the values obtained 
under motoring conditions. The motoring values in Figure 
3 have been brought to the same basis as the firing values 
by subtracting the pumping loss obtained from pressure 
diagrams taken under motoring conditions. 


In connection with the development of high-compression 
engines, it is important to know how the engine friction 
changes With compression ratio. Dynamometer measure- 
ments of motoring friction made by customary methods 
showed an increase with compression ratio. However, the 
determinations of firing mechanical friction by means of 
pressure diagrams showed no change with an increase ot 
compression ratio from 6-to-1 to 10-to-1. These tests were 
run at about half load on a single-cylinder engine and thus 
the conclusion may not be applicable to all engines. How- 
ever, the work does indicate the value of the indicator 
method in making such studies. 


The use of an engine indicator allows the separate 
evaluation of losses due to mechanical and fluid friction. 
The separate study of these losses is important, particularly 
at low loads where the two losses may be a large part of the 
total engine output. Figure 4 is an example of a study of 
pumping losses as distinct from mechanical friction. The 
figure shows pumping loops (pressure-volume diagrams of 
intake and exhaust strokes) obtained with a balanced 
diaphragm indicator at two different throttle positions in 
aChevrolet engine. The dotted curve was obtained with the 
throttle much more nearly closed than the solid curve. As 
the throttle was closed, the manifold vacuum increased from 
10 to 20 inches of mercury. However, the pumping loss 
increased only about 20%. Examination of Figure 4 shows 
the reason for this small change. As the lower line of the 
pumping loop dropped, the compression line moved to the 


— keeping the area of the pumping loop nearly con- 


. An important conclusion from the work was that in 
ese tests, the friction loss was something over 5 times 
ge than the pumping loss; and of the two the mechan- 
friction loss was the major factor affecting part load 
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Fig. 4 Two Pumping Loops Taken with a Balanced-Diaphragm Indicator 
Show How It May Be Applied to Study the Effect of Varying Engine Con- 
ditions. 


Pressure and Combustion Relationships 


Combustion of the fuel in the engine is intimately asso- 
ciated with the pressure changes. Consequently, measure- 
ments of the pressure changes are used extensively in 
studying the characteristics of fuels and of combustion 
chamber designs. 


In Figure 5 are shown pressure-volume records obtained 
in a 1950 Oldsmobile-type combustion chamber with two dif- 
ferent spark timings. The pumping loop is not included 
because it is not important in this problem. One of these 
spark timings corresponds to maximum engine power out- 
put (MBT) and the other to that employed by Oldsmobile 
in 1950 (MFR). It is seen that by using their particular 
spark timing, rather than the timing for maximum power, 
Oldsmobile was able to decrease the maximum cylinder 
pressure by about 250 psi. Lowering the pressure by this 
means made it possible to prevent the fuel from knocking 
at full throttle and yet obtain high thermal efficiency at 
part throttle by employing a high compression ratio. 


The large difference in maximum pressure obtained with 
the two spark timings might be expected to result in an 
extremely large difference in power. Surprisingly, this is 
not the case as is seen by comparing the areas in Figure 5. 
The difference in the two areas is only 10%. This points 
out that the data obtained with a balanced-diaphragm pres- 
sure indicator can yield important information on the rela- 
tion between the time in the cycle when the pressure in- 
crease occurs and the power output of the engine. 


The data plotted in Figure 5 are also of use to the 
design engineer in that they provide information as to both 
the maximum pressure and maximum rate of pressure rise 
that will be experienced by the piston and in turn by the 
rest of the engine structure. 


Another direct application of balanced-diaphragm pres- 
sure-indicator data is in the calculation of the temperatures 
of the unburned fuel-air charge in the combustion chamber.* 
Accurate values of the pressure in the engine cylinder are 
the primary data required for use in conjunction with 
thermodynamic charts to calculate these temperatures. 
Because of its inherent accuracy, the balanced-diaphragm 
indicator is used to obtain such pressure data. In Figure 
6 are shown a pressure-time record and the corresponding 
temperatures of the unburned fuel-air charge calculated 
from the pressure data. These calculated temperatures are 
of interest in connection with such phenomena as preflame 
reactions. 

Quantitative pressure-time data may be used to calculate 
“rate-of-burn” curves.° Figure 7 compares the rate of burn 
of the fuel-air charge for two combustion chamber designs. 
These chambers were operated on the same engine and 
under identical engine conditions. It will be noted that 
with the “modified” chamber the maximum rate of burn 
occurs considerably earlier and that combustion is com- 
pleted earlier than with the standard. Such information 
is important in the study of combustion chamber design 
from the standpoint of “mechanical octane numbers.” 
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Fig. 5 These PV Diagrams show how, as a Consequence of Lowering 
Maximum Pressure by Retarding the Spark, it is Possible to Raise Com- 
pression Ratio and Increase Part Throttle Economy with only 10% Loss 
in Full Throttle Power. 


Balanced-diaphragm pressure indicator data have also 
proved useful in the study of the chemical reactions that 
occur in the fuel-air charge prior to inflammation.‘ In 
fact, some of the most important quantitative evidence prov- 
ing the occurrence of such reactions was obtained with a 
balanced-diaphragm indicator. These precombustion reac- 
tions are important factors influencing the occurrence of 
both knock and preignition in spark-ignition engines as 
well as in compression-ignition engines. 


Unconventional Applications 


Two somewhat unusual applications outside the field of 
engine and combustion research are of interest. One of 
these involved the determination of the vapor pressure of 
sulfur at elevated temperatures beyond the range of pub- 
lished data. This material was being considered as a heat 
transfer agent. Because of the high temperature of the 
sulfur vapor, ordinary pressure measuring equipment was 
unsuitable. Progressively increasing the balancing pres- 
sure on a balanced-diaphragm indicator permitted inter- 
mittent determinations of the vapor pressure as the tem- 
perature of the sulfur was gradually elevated to about 
1500°F. In this experiment, the frequency response of the 
balanced-diaphragm indicator was unimportant but its in- 
sensitivity to temperature was a critical factor. 

The high frequency response characteristic of the in- 
dicator was the quality primarily concerned in its selection 
for the determination of the values of pressure peaks in 
shock waves set up in a hydraulic fatigue machine. The 
frequency and wave shapes were obtained with the aid of 
other instrumentation but accurate calibration of the values 
was desired. A balanced-diaphragm indicator was installed 
and a balancing pressure higher than the peak pressure of 
the shock waves was applied. Balancing pressure was then 
gradually reduced until the contacts in the indicator closed 
momentarily as indicated on a cathode ray oscilloscope. 
The value of this balancing pressure thus indicated the peak 
pressure of the shock wave. As the balancing pressure was 
further decreased, other contact closures appeared on the 
oscilloscope representing other peaks of the decaying shock 
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Fig. 6 Pressure Data are Required for Calculation of Temperatures Ahead 
of the Flame in an Engine. 
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Fig. 7 Rate-of-Burn Curves Derived from Balanced-Diaphragm Date 
Show Important Differences Between Combustion-Chamber Shapes. 


wave and thus also permitting determination of these peak 
values. 


Summary 


The examples of applications of the balanced-diaphragm 
indicator illustrate its importance in automotive engineer 
ing. Its value depends to a large extent on its inherent 
accuracy and extreme precision. The fact that it yields 4 
pressure diagram which is averaged over many cycles is 
no handicap for many uses and is particularly desirable 
for others. 


Information of the type described in this paper is not 
easy to obtain. The balanced-diaphragm indicator has cer 
tain eccentricities and requires considerable experience and 
patience for its successful use. However, the utility of the 
instrument makes it worthy of careful study and further 
refinement. Later papers will detail progress along these 
lines. 
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A Method of Comparing Transducers 


for Instrumentation Application 


By Henry W. Simpson * 


e@ Standardized presentation of equipment data precedes unbiased 


comparison 


@ Equipment comparison precedes application, and 


e@ Successful application requires engineered integration of operational 
data and selected equipment. 


URING THE PAST SEVERAL YEARS, the field of in- 
D strumentation has grown very rapidly and has 
paralleled the accelerated program of research and develop- 
ment precipitated by the precarious state of world affairs. 


More and more influential people in industrial and gov- 
ernmental research and development fields are realizing 
that the art of instrumentation is becoming a major engi- 
neering endeavor, and not merely a means to an end. It 
would, therefore, be a wise move on the part of industry 
to institute standards of practice, delineation of the needed 
engineering effort, reduction of the confusion shrouding the 
field, and the general education of engineering personnel 
who must select and use these instruments. A possible solu- 
tion to the problem associated with the comparison of trans- 
ducers from a theoretical standpoint and the selection of a 
transducer for a given application is proposed. 


Practically every instrument that is produced today has 
a good market, but all too often it results because of one 
or more of the following factors: 


1. A designer is desperate in his search for any instru- 
ment that will approximate his requirements. 


2. The data published by the manufacturer are _ in- 
sufficient, even for the most general usage. A number of 
companies publish literature about a transducer which has 
an electrical output; however, they do not state the method 
of energy conversion, or indicate the sensitivity of the in- 
strument in terms of the deflection produced on their par- 
ticular brand of recorder. For example: in the literature 
om spring mass instruments, the damping factor occasion- 
ally is lacking, or the dynamic frequency range is not 
specified. 


3. A designer does not know all of the instrumentation 
requirements for his particular job. If the designer were 
to find several manufacturers of instruments who publish 
sufficient technical data for engineering purposes, he would 
be confused further by the terms used as they are all too 
frequently ambiguous. If he were to find two sets of data 
in which the same terms were used and defined, he would 
frequently find the definitions to be different as to meaning, 


leaving the designer more confused than he was when he 
Started. 


The linearity of an instrument may be stated with refer- 
ence to the geometric mean, or the statistical mean, or it 
may be stated so as to reduce the magnitude of the linearity 
‘ror. Accuracy, precision, and calibration are terms which 
frequently have interlaced meanings. 


—— 


sDepartment of Physics, 
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July 1955 


The first step in the solution of the problem is the realiza- 
tion that the comparison and selection processes must of 
necessity be considered separately. The selection process is 
centered around the engineering judgment of the man who 
is designing the equipment. The factors which are of the 
utmost importance can be decided only by him. In any 
theoretical method of comparison which involves terms that 
are dependent on application for their proper significance, 
the terms cannot be considered without assigning an arbi- 
trary weighting factor to them. It follows, then, that the 
method of comparison must be independent of the applica- 
tion, and the process of selection must be dependent on the 
application. 


A decision must now be made as to which factors or 
phenomena of a transducer are of prime importance and 
still are not a function of application. Energy and infor- 
mation are two main factors which conform to these re- 
quirements. On examination of the field of instrumenta- 
tion, it is seen that the main purpose of instrumentation is 
to gain information about a happening, event, or phenome- 
na. A piezoelectric crystal is considered a reasonably good 
transducer by most instrument engineers; however, its 
power capabilities and energy efficiency are notoriously low. 
This leads to the possibility that transducers mainly are 
information devices. Since this is the case, then, it is 
reasonable to base a definition of a transducer and the 
method of comparison for transducers on an information 
concept. A transducer may now be defined as a device that 
receives information transmitted from one system and con- 
verts it to information for transmission in a different sys- 
tem. 


A transducer, as used in this field, must be a passive 
information device. It transforms information from one 
alphabet to information of a different alphabet. This in- 
formation transfer efficiency of a transducer must be less 
than 1. 


Tout 


< «A (1 
In , 





The equation cannot be greater than 1 because the device 
cannot generate information. This can be seen from the 
fact that the device is dependent for its excitation from 
an outside source. The equation cannot equal 1. Classic 
wave mechanics have shown that, even for the most delicate 
optical measurement, a definite amount of energy is ex- 
pended in obtaining information about the system, and this 
loss in energy results in a region of uncertainty about the 
measurement. 


For the type of transducers considered in this discussion, 
the information input and output have two and only two 
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dimensions, i.e., the amplitude or output quantity domain, 
and the dynamic frequency or time domain. Instruments 
which have a varying frequency representing the varying 
quantity, the deviation from normal operating frequency 
is considered as the amplitude or output quantity. The rate 
at which the deviation occurs is considered as the dynamic 
frequency. 

In order to clarify the term “information” which has been 
used, a storage battery will be used as an example. A 
storage battery converts chemical energy into electrical 
energy; therefore, it tells something of the chemical system. 
Under normal conditions, the battery has only one output 
voltage. Each time the battery is used, the same condition 
exists; namely, the fixed voltage is present. Since this con- 
dition is expected and desired, the battery does not give any 
information or intelligence. This may be stated more explic- 
ity by saying that, for information to exist, at least two or 
more discrete conditions each having an equal probability 
of existing must be possible. The amount of information 
present is equal to minus the log to the base 2 of 1 / the 
probability at the transducer of the event before the mes- 
sage is received. Probability for this type of device, when 
the possibilities are mutually exclusive, is calculated by 


taking the reciprocal of the number of possibilities. There- 
fore, 
1 
I = — log, —— 
At (2) 


log. (No. Discrete Conditions) 


It has been shown that a transducer is a converter for 
information and that it transfers less information than it 
receives. It is obvious that the amount of information 
received by a transducer is a function of the application. 
These factors lead to the idea of comparing transducers by 
the maximum amount of information a transducer can 
deliver to a transmission system. The definition of infor- 
mation involves the number of discrete conditions avail- 
able; therefore, let this number be the criterion for com- 
parison: 


Co 


Number of discrete conditions in the 
output of the transducer 


(3) 


It has been shown that the information delivered by a 
transducer is found in two different alphabets. By Classic 
Information Theory, the total amount of information de- 
livered by a device is equal to the product of the informa- 
tion in the different alphabets. 


Co = A, x A, (4) 


Since a transducer is a physically constructed device, it is 
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FIGURE 1. General Transducer Transfer Characteristic. 


subject to inaccuracies such as hysteresis, linearity, temper. 
ature effect, repeatability, and so forth, associated with prag. 
tical devices. Because of these inaccuracies, it is impossible 
to read or measure the output quantity any more closely 
than the “zone of confusion” bounded by these inaccuracies, 
Graphically, this “zone of confusion” is a dimension of the 
unit discrete condition in one domain. It may be assume 
that the ratio of the full scale minus the minimum-scale 
value of the instrument range to the “zone of confusion” 
yields the number of discrete conditions in the output 
amplitude domain or alphabet; or the reciprocal of the 
“zone of confusion” expressed as a decimal of the full-scale 
value. The latter expression is more easily obtained. 


In the dynamic frequency domain of the transducer, the 
information loss usually is negligible because of the small, 
phase shift of the signal as compared with the dynamic 
frequency associated with the device. The error introduced 
in this domain is caused by the nonlinearity of the phase 
shift characteristic and not its absolute magnitude. A 
single sinusoidal forcing function is not affected by either 
a nonlinear characteristic or its absolute magnitude. A 
complex forcing function is affected. Its shape changed, 
and this change in shape usually can be related to an equir- 
alent amplitude error. If a device were excited with a 
square wave, such that its highest practical harmonic would 
be in the plus or minus 1% amplitude error region, a non- 
linearity of the order of plus or minus 1% would introduce 
an equivalent amplitude error in the order of 0.005 to 0.1%. 
From this, it is assumed to be of little consequence. 
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DRIVING FREQUENCY wo 
UNOAMPENED NATURAL FREQUENCY OF INSTRUMENT 4, 
FIGURE 2. Percent Error Amplitude Contours of Spring-Mass System, mx-+cx-+kx=o, excited by steady-state sinusoid. 
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FIGURE 4. Maximum Voltage Output at Rated Conditions. 
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The accuracy with which the dynamic frequency is meas- 
ured is a function of the output equipment and, therefore, 
may be set at a convenient value of 1 cycle/sec for all in- 
struments. The usable dynamic frequency range usually is 
specified by the manufacturer. These relationships now 
yield a good approximation to the total number of discrete 
conditions available in the output of the transducer. The 
term “figure of merit” (Fy) now may be defined as the 
maximum amount of information available, or 








Fy = log a oN (Beste Frequency Range 
_— . (=a of Suateaioa*) 1 Cycle/Sec 
(5) 


The “figure of merit” may be expressed graphically (Fig. 
1) by assuming a general transfer characteristic for a 
transducer, plotting as the ordinate the output magnitude 
and, as abscissa, the dynamic frequency. All output quan- 
tities must lie under this curve. The figure of merit is the 
area under this curve between limits measured in fixed 
units. These units are measured as one cycle in width by 
the “zone of confusion” in height. 


The determination of the “zone of confusion” will be 
difficult to obtain accurately. The usual data supplied for a 
device are linearity, sensitivity, hysteresis, resolution, re- 
peatability, temperature effect, acceleration effect, cross-talk. 
As mentioned previously, each manufacturer has a different 
definition or method of performing the test for each of these 
terms, and will define these terms to represent his device 
in the best manner. Therefore, the user of the “figure of 
merit” may, without too much of a penalty to any device, 
take the sum of these terms that are pertinent to the “zone 
of confusion,” i.e., linearity, hysteresis, resolution, and re- 
peatability. These terms are adequate when the ambient 
conditions can be controlled. When the ambient conditions 
are not known or cannot be controlled, it may be desirable 
to add to the “zone of confusion” those terms that account 
for the temperature effect, acceleration effect, cross-talk, 
etc. When industry has established standards and adhered 
to them rigidly, then the “zone of confusion” calculation 
may be reduced to a fixed set of terms. 


In the selection of a device for a dynamic quantity meas- 
urement, the designer all too frequently selects a number 
somewhere in the range of from 0.3 to 0.8 times the natural 
frequency of the device, and believes this number to be 
accurate for the job. In selecting a device of the simple 
spring mass system type for use over a definite dynamic 
frequency range and a fixed or desired per cent error in the 
output, there are definite and clear-cut limits which cannot 
be exceeded (Fig. 2). In Figure 2, the graph shows plus 
and minus per cent error contours plotted for seismograph- 
ic-type instruments. The ordinate is the ratio of actual 
damping to the value required for critical damping. The 
abscissa is the ratio of the driving frequency to the un- 
damped natural frequency of the device. 

The use of this, or any other “figure of merit” in the 
selection of a transducer for particular application must be 
a secondary consideration. No mathematical expression or 
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FIGURE 6. Efficiency of Transduction. 
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rule can “second guess” the designer’s engineering judgment 
and experience in the selection function. However, it can 
be used to advantage in several special instances, just as 
the electrical “figure of merit,” Q, is of advantage in special 
instances: 


(1) When the experiment or process is to be instru- 
mented accurately, and there are several parameters that 
may be measured for control purposes, the “figure of merit” 
ean be useful in deciding which parameter to measure. 
This is true because the art of measuring some variables is 
further advanced than for others and, thus, the transducers 
which are commercially available for measuring the para- 
meter are of better quality and design from the standpoint 
of information. This permits the designer, from the stand- 
point of accuracy, to do the job better by using stock or 
standard instruments. 


(2) When all other requirements of the job apparently 
have been satisfied, and there still remains a large number 
of transducers from which to choose, the “figure of merit’”’ 
may be of help. This situation is common in the process 
industries and the aircraft industries. In selecting the 
transducer by the use of the “figure of merit,” it is helpful 
to remember that too much information is as detrimental to 
the application as too little information content. This can 
be seen from the many chart recordings, or oscillograph 
pictures, in which the “noise” blanked out the signal. Fre- 
quently, this is caused by the wide frequency response be- 
yond the highest usable signal frequency. The amount of 
information required for a job can be calculated in exactly 
the same manner as it was for the transducer. Thus: 

Information Requirement of Job _ (6) 
“Figure of Merit” of Transducer = 1 
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Converters, Medical Instrumentation, 


The selection process reduces to graphically plotting the 
requirements of the job in “n” different measurements 
The number and specific dimensions are the engineer's re 
quirements for the job. The qualities of the transducers 
are plotted in the same “n” dimensions, and the device Chosen 
that most nearly coincides with the job requirements, Ex. 
amination of the “figure of merit,’ shows that it ig Not 4 
function of the range of the input quantity. This featup 
is intuitive because a change in a spring constant, mags, » 
a resistance value does not alter the information capabilitig 
of the device. 


In the approach to the problem of deriving a method of 
comparison for transducers, several important features o 
the commercially available devices were found.  Theg 
features are categorically related to the method of convert. 
ing mechanical information to electrical information. The 
plots shown in this instance are for mechanical to electricaj 
transducers of the miniature and subminiature size, It js 
seen that the generic types tend toward a limited area 
upper boundary; in “figure of merit,’ dynamic frequeney 
response, maximum output, and efficiency as plotted against 
volume. Resolution is a function of dynamic frequency re 
sponse. Energy transduction efficiency is very small. 4 
more detailed study of this type might reveal more jp. 
teresting features. 


The solution to the problem associated with instruments 
tion engineering presented herein is by no means meant ag 
the final possible answer to the problem. It does, however, 
present one of the many interesting possibilities. Other 
“figures of merit” based on energy, efficiency, size, or other 
parameters are useful to more specific fields of endeavor, 
It is believed, however, that this approach is common to all 
ramifications of instrumentation. 


Volume 9 -— Part | 
1954 Proceedings of the 
Instrument Society of America 


@ The 1954 Proceedings provides a permanent record of the Technical Sessions at 
the First International Instrument Congress and Exposition held in Philadelphia, 
Pa., September 13-24, 1954. Authored by experts in their field, these papers were 
presented before thousands of engineers, scientists, educators, researchers, and 


@ Because of the numerous papers in the several major fields of interest the 1954 Pro- 
ceedings are published in five separate parts. 
grouped into related technical subjects. Each part is indexed according to paper 


For convenience, papers are 


PART ONE of 202 Pages Includes the following subjects: 


Data Reduction, Process Control, Spectrophotometry, Optimizing Control, Analog | 
Biological Instrumentation, Meterorological 
Instrumentation, Oil Drilling Instrumentation, Magnetic Tape Recording, Miniature | 
Transducers, Beta-Ray Microscopy, Digital Converters, Mass Spectrometry, Hy- 
grometry, and a Cross Reference Index, 


PART TWO WILL BE AVAILABLE JULY 15, 1955 | 


EACH PART—$2.50 to Members 
$3.50 to Non-Members 


COMPLETE SET OF FIVE PARTS—Members $10—Non-Members $15. 
ORDERS ARE ACCEPTED NOW FOR SINGLE PARTS OR COMPLETE SETS 


MAKE CHECKS PAYABLE TO 
INSTRUMENT SOCIETY of AMERICA—1319 Allegheny Ave., Pittsburgh 33, Pa. | 
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Simple and Inexpensive Pneumatic Leak Detector and Valve Test Unit 


By Robert B. Hurm* 


At the conclusion of installation of any 
pneumatic control equipment at our plant, 
there always follows the normal checkout 
of equipment, and the important checking 
of lines for leaks. We have had built a 
compact unit which will not only serve to 
check pneumatic lines for leaks and valve 
motor diaphragms for leaks, but will also 
serve as an actuator to stroke valves. 

The major components are an air reduc- 
ing-relief regulator, a sight feed bubbler, a 
pressure gage, and suitable hose. The il- 
lustration shows the arrangement of the 
components and this sequence is important. 
Connection (A) is used for stroking valves, 
or any final control elements, and when (A) 
is being used, the needle valve in the bub- 
bler is shut and the connection to the test 
line is corrected at (B). The line to be 
checked is plugged off at its end, and air 
pressure (we use twice normal pressure,) is 
passed through the bubbler to fill the line. 
If the line is tight, bubbling will cease; if 
it is not, there will be no cessation of bub- 
bling until it is tight. 

This eliminates chasing down lines with 
soap solutions to determine leaks and also 


stalled the line. 


‘West Virginia Pulp and Paper Co., Covington, Va. 
Drawings by W. H. Schafer, Blaw-Knox Co., Pittsburgh, Pa. 








has a psychological effect on those who in- 


If those who are respon- 
sible for installation are aware of the fact 





that a line they installed will be later 
checked, you’d be surprised how the quality 
of tube fitting improves. 








CONVERSION FACTORS FOR UNITS OF PRESSURE 

































































convent MULTIPLY BY 
AT 68°F (20°C) 
FROM TO-y Pa KG/CM? Arwospuenss | MILLIBARS | #/FT.2 IN. WATER | FT. WATER | ™« mercury IN MERCURY 
Y 

PSI 1.000 -07031 -068046 68.948 144.0 27.73 2.3107 51.90 2.0434 
KG/CM2 14.223 1.000 -96782 980.65 2048.1 394.41 32.868 738.17 29.063 
ATMOSPHERES 14.696 1.0333 1.000 1013.24 2116.2 407.52 33.959 762.72 30.03 
MILLIBARS -014504 -00101975 | .00098694 | 1.000 2.0886 -4022 -033515 -75276 -029637 
#/FT.2 -006944 -00048823 | .00047251 | .47878 1.000 .19256 -016046 -36039 -014190 
INCHES WATER -036063 .0025356 -002454 2.4865 5.1931 1.000 -083336 1.8716 -073691 
FEET WATER 432753 | .030427 | 020447 | 29.837 | 62.317 | 12.000 | 1.000 | 22.460 | .88427 
Mm MERCURY -019267 -0013547 | .001311 1.3285 2.7745 -5343 -04452 1.000 -039370 
INCHES MERCURY | .48937 -034408 .03330 33.741 70.470 13.57 1.1306 25.398 1.000 








BASIC DATA FOR ABOVE TABLE (FROM INTERNATIONAL CRITICAL TABLES 





1 Pound = 453.59243 Grams 
1 Inch — 25.400 Mm, 


Density of bioon at 68° F. (20°C) = .99823 Grams per ml. 


(1.00000 at 4° 
we: Factors shown below or to the right of the heavy line involve 
eight of a column of Water or Mercury and are based on liquid 


Perature of 68°F. (20°C) hence differ slightly from the usual 


July 1955 


Density of Mercury at 68°F. (20°C) = 13.546 Grams per ml. 


1 Millibar 1000 Dynes/sq. Cm, 
1 Atmosphere = 76 Cm Mercury at 0°C (13.5955g/ml) acted on 
by gravitational force of 980.665 Dynes. 


handbook values which are based on a 0°C for Mercury and 4°C for 
Water. (Courtesy of Taylor Instrument Cos. by Ronald Reamer, Appli- 
cation Engineering Dept.) 
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Comments on Papers 


@ This is a discussion by J. M. L. Janssen! on ISA Paper 
entitled ''Using Dynamic Analysis in Instrument Design", 
published in the ISA Journal, October 1954, Vol. |, No 
10, pp. 37-39, by W. E. Vannah 





In W. E. Vannah’s paper entitled 
“Using Dynamic Analysis in Instru- 
ment Design” (1) the performance of 
a flow-control system is shown in 
graphs in which the “deviation ratio” 
is plotted as a function of frequency. 
In connection with these figures the 
author makes some statements about 
the characteristic properties of the 
deviation-ratio curves. He writes: 


“Important principles are evident in 
figure 7: (1) automatic control ampli- 
fies disturbance effects at some fre- 
quencies; (2) Deviation reduction at 
low frequencies is obtained at the ex- 
pense of deviation amplification at 
higher frequencies. I refer you to 
J. M. L. Janssen’s paper (2) ‘Control 
System Behaviour Expressed as a De- 
viation Ratio,’ for a more complete dis- 
cussion of these principles. Theory 
therein indicates that the second prin- 
ciple is basic. I suggest that the de- 
signer not be warned of this fact (?). 
In his cheerful disregard of the unequi- 
vocal ‘no,’ he may find control func- 
tions which will avoid this problem.” 

Clearly this paragraph is calculated 
to arouse reactions on my side. The 


1Royal Dutch/Shell Laboratory, Delft, of N. V. 
de Bataafsche Petroleum Maatschappij. 
2Formerly Research Engineer, The Foxboro 
Company, Foxboro, Mass., now Editor, CON- 
TROL ENGINEERING, McGraw-Hill Publish- 
ing Company. 





This paper was presented at the Dynamic 
Analysis of Industrial Instrumentation Sym- 
posium, Wilmington Section, Instrument So- 
ciety of America, April 22, 1954. 


Letters... 


“Principles of Automatic Control” 


Editor: 


I would like to express our apprecia- 
tion for the use of this very fine educa- 
tional film Principles of Automatic Con- 
trol. It was shown three times to prob- 
ably a total of 70 to 80 students. You 
might be interested to know that quite 
a number of the students who saw the 
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whole question centres on the question 
mark after the word “fact.” If the 
second principle is a fact indeed, then 
it would certainly be foolish not to 
warn the designer; his efforts “to find 
control functions which will avoid this 
problem” would be as futile as those 
of someone trying to build a perpetual- 
motion machine. 


Let us now try to establish the 
factual content of the second principle. 
As Dr. Westcott pointed out in the 
discussion on my ASME paper (2), 
the second principle “follows directly 
from the classical theory of functions 
of a complex variable, which was in- 
vented, if that is not too strong a word, 
by the French mathematician Cauchy, 
in the early part of the 19th century.” 


The only essential assumption that 
has been made in Dr. Westcott’s proof 
of the second principle (3) is that of 
system linearity. In practical control 
systems linearity is certainly not a 
fact, although in principle most types 
of pneumatic controllers have linear 
controller actions. Consequently, Mr. 
Vannah’s designer can be given more 
positive advice than just to disregard 
the second principle. 


thoroughly explore the 
possibilities of basically non-linear 
control systems. Then, perhaps, elec- 
tronic controllers might become avail- 
able that are not just “‘analogs of the 
present-day pneumatic controllers,” to 
quote Mr. Vannah again. 


He should 


Some day a designer trying to avoid 
the limitations of the second principle 
by using linear control elements may 
end up with a system that works, and 
that after careful analysis turns out 


film at the first showing requested per- 
mission to see it a second time. They 
felt there was enough subject material 
there to justify seeing it a number of 
times. While this is actually true of 
many films, it is rather unusual for 
students to request seeing it a second 
time for that reason.—Professor Ralph 
H. Luebbers, College of Engineering, 
Department of Chemical Engineering, 
University of Missouri, Columbia, Mo. 





Editor: 


I am writing to tell you how much 
all the chemical engineers and staff 
enjoyed seeing the film, “Principles of 


to be a non-linear one. With thes 
non-linear prospects in mind, I am jp. 
clined to agree with Mr. Vannah’s sug. 
gestion. 

J. M. L. Janggep 


References 


(1) W. E. Vannah: 


Using Dynamic Analysis 
In Instrument 


Design, 1.S.A. Journal, 
October 1954, Vol. I, No. 10, pp. 37-39, 


(2) J. M. L, Janssen: Control system Be 
haviour Expressed as a Deviation Ratio, 
Transactions of the A.S.M.E. November 
1954, Vol. 76, No. 8, pp. 1303-1312, 


(3) J. H. Westcott: B.Sc. (Eng.), D.LC.: The 
Development of Relationships concerning 
the Frequency Bandwidth and the Mean 
Square Error of Servo-Systems from 
Properties of Gain-Frequency Character. 
istics. Automatic and manual control, 
pp. 45-65. Butterworths Scientific Pubji- 
cations, London. 


The Author’s Reply 


The object of my paper was to pre 
sent the design philosophy of the ip 
strument company for whom I worked. 
That philosophy relies primarily 
creative design ability. The thinking, 
then, is that the designer should con 
sider dynamics as they are, whatever 
they are, to allow free-wheeling ideas 
to generate, unimpeded by classical 
rules. 


The ruies, principles, and stop-signs, 
come later when the designer analyzes 
his ideas. I do not question the fact 
of your first and second principles of 
the deviation ratio for linear systems. 
As you, I would warn the designer if 
he is thinking of linear control fune- 
tions. However, we must consider 
methods of control that are not neces 
sarily linear. These methods might 
be (1) nonlinear functions; and (2) 
new functions not based at all on de 
viation from the control point.—Wi 
liam E. Vannah. 


tn 


Automatic Control’, which you were 
kind enough to let us borrow. 
Those of us who have been looking 
at educational films for years are up 
animous in our opinion that this 
absolutely the best film of its type that 
we have seen. The photography is good, 
the presentation follows a logical se 
quence and the explanations are clear. 
We enjoyed the film and hope that We 
will be allowed to use it again next 
year.—Frank A. Anderson 





If your Section has not seen the ISA 
16-mm film — “Principles of Automatic 
Control” — ask your Section officers to 
arrange a showing. 
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Spring materials 


ANY OF THE MATERIALS we 
M see or touch in the course of our 
everyday life can be classified as po- 
tential spring materials. Indeed, the 
earliest springs were made of wood, 
and before many years pass, glass may 
be used for a number of spring appli- 
cations. Practically any material 
which can take a deflection and re- 
turn to its original position when the 
deflecting force is removed can be 
called a spring material. 


If we should list all spring materials 
and then grade them relatively ac- 
cording to their properties, we could 
see by comparison which materials 
are good and which are poor. Then, 
when selecting a spring material, it 


8 


8 


s 


COST PER POUND 


8 





Fig. 1 


July 1955 


merely becomes necessary to decide 
how far up the scale it is necessary 
to go in order to meet the require- 
ments involved. In making a deci- 
sion here, a number of properties 
might require consideration, such as: 
load-carrying capacity, corrosion re- 
sistance, conductance cost, etc. How- 
ever, among all spring properties the 
most important ones to consider are: 
(1) stiffness (as stiffness increases, 
efficiency increases and the size of the 
spring required decreases. Size can 
be a major consideration where space 
is limited); (2) ability to withstand 
load without taking set (the point at 
which the material becomes deformed 
is called “yield point’); (3) endur- 
ance or the ability of a spring to op- 
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INCONEL X — 3 x INCONEL PRICE + 1.50/LB. 
Ni SPAN C — 3.00/LB. TO 8.00/LB. 
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These four pages of data on Spring 
Materials and a Glossary of Spring Terms 
is another step in the direction of uni- 
formity and standardization. It represents 
one manufacturer’s language. File these 
pages for reference information which 
should help prevent misunderstandings in 
ordering and writing specifications for 
springs and spring material. 


Each industry and each profession has a 
“language” all its own. Sometimes this 
causes confusion in varying degrees of im- 
portance. The spring industry is no ex- 
ception. For instance, a spring maker who 
receives an order for “non-ferrous, steel 
springs” knows that there are no such 
springs, and must request amplification 
from the purchaser. But, a request for 
“squared ends” when “squared and ground 
ends” are desired can waste both time and 
money. And, to a spring maker, “pitch” 
signifies the “distance from center to center 
of adjacent coils of a spring in its free 
position.” To a salesman, “pitch” means 


something entirely different. 


















Curves showing cost comparison of various spring materials. 
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erate many times at required stresses 
without breaking; (4) special require- 
ments such as corrosion resistance in 
various surroundings, ability to retain 
physical properties at elevated tem- 
peratures, ability to maintain constant 
stiffness and other properties over a 
range of temperatures (for instru- 
ment use), electrical conductivity, and 
magnetic properties. 


A Comparison of Materials 

The physical properties of spring 
materials have been determined many 
times, and considerable tabular data 
are available. But the information as 
presented in most reports does not 
provide convenient basis for a com- 
parison of spring materials. 


As a means of facilitating a com- 
parison, therefore, we have prepared 
a table which does not list actual 
values of spring properties but which 
lists ratios of various properties as 
compared to music wire. Music wire 
has been selected as a standard be- 
cause it is the most common spring 
material and possesses very high 
spring properties. 


Cost is one particular factor which 
cannot be readily compared by vhe 
“ratio comparison” system, for cost 
varies considerably with wire size, and 
it is a major consideration when a 
large quantity of material is required. 
Thus, in order to give you a simple 
means of comparison, we include the 
curves shown here (Fig. 1). Note: 
These curves are to be used for com- 
parison only, not for actual price in- 
formation. Example: The curves 
show that in small wire sizes (under 
.013” dia.), stainless steel costs less 
per pound than music wire. For ap- 
plications requiring corrosion resist- 
ant materials, it may be more eco- 
nomical to use stainless steel even in 
a few of the larger sizes rather than 
use music wire which has to be plated. 


Development of Spring Materials 


The great scientific progress of the 
last fifty years has had a profound 
effect on the development of spring 
materials. Materials once used in 
great quantities e.g. brass—have large- 
ly been replaced by more _ suitable 
spring material. Other materials used 
for some time have been greatly im- 
proved by alloys and manufacturing 
methods. And still other new ma- 
terials have been developed and ap- 
plied to meet the high demands of 
modern industry. 


A few examples may serve to illus- 
trate this development: 


Twenty years ago, when Type 302 
stainless steel was still being devel- 
oped, it was not considered a good 
spring material. Today 302 stainless 
is a close second to music wire for 
small precision springs. 


Chrome vanadium steel is a well- 
known material which has been used 
for many years. Although possessing 
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high physical properties, this material 
had for many years a very restricted 
use because of the surface defects pro- 
duced by the manufacturing process. 
Improved manufacturing methods 
have extended the use of chrome vana- 
dium spring material to such demand- 
ing applications as aircraft engine 
valve springs. 


A recently developed spring material 
is type 301-PH (17-7PH) stainless 
steel. This material possesses ex- 
tremely high physical properties and 
is not at all brittle in the fully hard- 
ened state. 17-7PH stainless also has 
excellent corrosion resistance proper- 
ties and will find use in many applica- 
tions when it is more readily avail- 


able. 

Future spring materials may in- 
clude: Elgiloy, now used in clock 
springs; Titanium, which possesses 


stiffness to an even greater degree 
than music wire; Tungsten, which has 
higher properties than Titanium, but 
is brittle and hard to form; and glass, 
which is an ideal spring material in 
some respects but which presents some 
obvious difficulties in manufacture and 
application as a spring material. 


STEEL SPRING MATERIAL 


Music Wire is a steel produced with 
great care in order to avoid impuri- 
ties and to carefully control the chem- 
ical analysis. There are no alloying 
elements added for the purpose of de- 
veloping certain physical properties. 
A high tensile strength and stiffness 
are developed by cold work — care- 
fully drawing down the wire to size 
in small steps — and by the use of 
special annealing, called patenting, at 
certain points in the reduction of size. 
In small sizes — below 1/16” — this 
material is the best spring material 
when a large number of operations 
are required at room temperature. It 
is the most common spring material 
for small springs. Although generally 
made to music wire gauge sizes, it can 
be made on special order in any in- 
between size. Except for elevated 
temperatures, severe corrosion appli- 
cations or special electrical properties, 
music wire has the highest spring 
properties and is preferred for all 
small springs. 

Hard Drawn Steel 
least expensive of the spring wires. 
It is produced like music wire except 
that there is less care in controlling its 
chemical analysis and in the drawing 
of the wire to size. It is used for less 
severe applications where weight of 
spring is not a factor; should only be 
used when its lower properties are 
within required specifications. Sizes 
follow W&M gage and some fractional. 


Oil Tempered Spring Steel is a heat 


treated wire as its name implies. It 
is drawn to size in several passes and 
is then heat treated to produce the 
final properties. Because it is strand 
hardened and tempered, oil tempered 
spring steel has less bend or cast when 


Spring is the 


it is removed from the eoij] before 
winding into springs. Therefore, me 
chanical straightening is not Needaj 
for use in wire forms, torsion sp 
with long arms, ete. This Materia] js 
better spring material than hard 
drawn spring steel but is not as 00d 
as music wire. It is a very Popular 
material in sizes over %” because ot 
its relatively high properties ang Tea. 
sonable cost. W&M gage sizes should 
be followed. 

Oil Tempered Valve Spring Steel js 
basically the same material as oj 
tempered spring steel except that 
greater care is exercised in controlling 
the surface condition of the wire dy. 
ing the manufacturing process, Rp 
duced surface defects and improve 
heat treatment give this material long. 
er life than ordinary oil tempered 
spring steel. W&M gage sizes should 
be followed. 








- 


Chrome Silicon Steel is a materia) | 


which was developed for recoil springs 
on military guns. In the making of 
this wire, slight additions of silicon 
and chromium are made while the 
steel is in the molten state. These ad. 
ditions improve the harden-ability of 
the material and produce final physi- 
cal properties in large sizes equivalent 
to small sizes of music wire for stiff. 
ness, resistance to set, and long life 
when properly made into wire. The 
excellent spring properties of this me 
terial are evident in sizes up to %’ 
diameter. W&M gage sizes should 
be followed. 

Steel is a well 
known material which has been used 
for many years. The base metal has 
fatigue properties approaching oil 
tempered chrome silicon steel, but 
slight seams are present on the surface 
of wire made from this material u- 
less expensive steps are taken to elimi- 
nate this disadvantage. These seals 
occur during the making of the wire, 
and reduce the life of springs. Some 
times material is removed from the 
surface of the wire by grinding or 
other means. This improves the f@ 
tigue life of the wire a great deal. The 
material is used in applications sim 
ilar to those of oil tempered chrome 
silicon. The best known application 
for centerless ground chrome vale 
dium steel is aircraft engine valve 
springs. The properties of oil tel 
pered chrome vanadium are not % 
high as oil tempered chrome silicon. 
It would seem that the latter material 
would replace chrome vanadium steel 
in many applications, especially since 


Chrome Vanadium 


—— 


the price is approximately the same | 


W&M gage sizes should be followed. 


STAINLESS STEEL SPRING 
MATERIALS 
Type 302 Stainless Steel is an alloy 
containing approximately 18 per cet 
chromium and 8 per cent nickel. . 
spring properties are develere 
through cold working since it = 
be hardened by heat treatment. be 
material is non-magnetic when % 
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ghtly magnetic in spring temper 

It will not slide readily over 
nd tends to “seize” so 
aking is somewhat diffi- 
This difficulty is overcome by 
the application of lead, cadmium, or 
some other substance to the surface 
of the wire to act as a lubricant in 
the coiling operation. The material 
js used because of its resistance to cor- 
rosion and because it retains satisfac- 
tory physical properties at tempera- 
tures up to 550 F. Music Wire gage 
should be followed. 

Type 316 Stainless Steel is similar 
to Type 302 except that there is an 
addition of about 2 per cent molybde- 
num. This material is less magnetic 
than Type 302 in the spring temper, 
and has even better resistance to cor- 
rosion. Its physical properties at 
room temperature, however, are slight- 
ly lower than those in Type 302. When 
the physical properties are compared 
at very low temperatures, such as 
100° below 0°F., Type 316 stainless 
steel is found to be improved more 
than Type 302. This material is speci- 
fied in most U. S. Navy applications, 
and for many aircraft parts. Music 
Wire gage sizes should be followed. 


put sli 
state. 
steel parts a 
that spring m 


cult. 


17-7PH Stainless Steel is a newly de- 
yeloped material which can be hard- 
ened at relatively low temperatures. 
It contains approximately 17 per cent 
chromium and 7 per cent nickel with 
an element such as aluminum added 
to make the precipitation hardening 
possible. By comparison, this materi- 
al is about half hard before the hard- 
ening operation. After hardening, the 
physical properties are extremely high. 
They may be compared to music wire 
and the material is not brittle in the 
fully hard state. This material has 
excellent corrosion resistance proper- 
ties and will find use in many applica- 
tions when it is more readily avail- 
able. Any decimal size can be used. 


COPPER ALLOY SPRING 
MATERIALS 


Brass is a copper alloy containing 


as much as 35 per cent zinc. This 
alloy is hardenable by cold work only. 
Its spring properties are poor in com- 
parison to spring steel. It is only used 
in springs because it is the lowest in 
cost of the copper alloy spring materi- 
als and because of its resistance to 
corrosion in normal atmosphere. B&S 
Sage size should be followed. 


Phosphor Bronze is a copper alloy 
containing a small percentage of tin. 
There are several alloys available with 
the tin content ranging from 3 per cent 
to 8 per cent. In round wire, the 
Usual alloy contains 5 per cent tin. 
This material is commonly used in 
certain types of springs because of its 
€xcellent electrical conductivity and 
relatively high physical properties. 
Bés Sage sizes should be followed. 


Beryllium Copper is almost pure cop- 
nesses 


per with the addition of about 2 per 
cent beryllium. The other copper 
alloys are only hardenable by cold 
working, but beryllium added to cop- 
per makes it hardenable by heat treat- 
ing. Beryllium copper, then, has the 
advantage over the other copper alloys 
of making it possible to severely form 
the wire in the soft state and harden 
the fabricated part. It has a disad- 
vantage, however, of being very brittle 
in the hardened state so that it is not 
possible to make even mild forms or 
bends after hardening. The material 
has its definite use in springs, especial- 
ly because of its excellent electrical 
conductivity and high physical prop- 
erties. The cost of this material is 
very high, and usually the heat treat- 
ing cost is high because of the necessi- 
ty of placing the parts in fixtures to 
prevent distortion. For these reasons, 
the material is avoided except for cer- 
tain applications. B & S gage sizes 
should be followed. 


NICKEL ALLOY SPRING 
MATERIALS 


Monel Metal is an alloy which con- 





tains about 67 per cent nickel and 30 
per cent copper, the balance being 
made up of very small amounts of 
other elements and impurities. This 
material has resistance to corrosion, 
and is readily formed into springs. It 
receives its physical properties from 
cold work. In recent years it has 
been replaced in spring applications by 
some of the nickel alloys of better 
spring properties. Any decimal size 
can be used. 


“K" Monel is an alloy of nickel and 
copper, approximately the same as Mo- 
nel, except that aluminum is added, 
which makes the material hardenable 
by heat treatment. By cold working 
of the material and then hardening by 
heat treatment after the springs are 
made, “K’’ Monel has higher physical 
properties than Monel. It has been 
replaced by stainless steel but has oc- 


casional application in specific in- 


stances. Any decimal size can be 
used. 
Duranickel (formerly “Z” Nickel) is 





an alloy of almost pure nickel. It is 
heat treatable to high spring proper- 
ties and is highly corrosion resist- 
ant. Although rarely specified, it is 
used where high spring properties are 
required together with the corrosion 
resistant properties of almost pure 
nickel. Any decimal size can be used. 


Inconel is a nickel alloy containing 


14 per cent chromium, 80 per cent 
nickel, and 6 per cent iron. It receives 
its properties from cold work. This 
material is highly corrosion resistant 
and is also used for its ability to re 
tain satisfactory physicul properties 
up to 750 F. Any decimal size can ve 
used. 

Inconel “X” is an alloy evolved from 


Inconel but contains 70 per cent mini- 
mum nickel, 15 per cent chromium, 
with small amounts of titanium, col- 
umbium, aluminum, and iron. It is 
hardenable by heat treatment to high 
properties, especially if cold worked 
before the heat treating. It has slight- 
ly better heat resisting properties than 
Inconel, and is used where these added 
properties warrant the greater cost. 
Any decimal size can be used. 

is a special alloy de- 
signed for a specific property. All 
spring materials have an inherent stiff- 
ness, but this stiffness in most of these 
materials varies as the temperature 
changes. Generally, the material is 
stiffer at low temperatures, and less 
stiff at elevated temperatures — the 
change being in the order of 1 or 2 
per cent. Careful control of the 
analysis and heat treatment in Ni- 
Span “C” produces a material which 
has a constant stiffness through a lim- 
ited range of operating temperatures. 
This material is particularly desirable 
in certain applications such as record- 
ing instruments. It is relatively ex- 
pensive and is not carried in stock. 
Any decimal size can be used. 


Ni-Span “C” 








Material Composition, Relative Temperature Young's Torsion 
Material Specs. Main Elements Strength For ‘% Strength Modulus Modulus 
= 

Music Wire *A228-51 70-1.0 C/.2-.6 Ma 1.0 225 30 x 10° 12 x 10 
Hard Drawn Spring Stl *A227-47 45-.75 C/.6-1.2 Mn 65 200 29 11.5 

Oil Tempered ” ” *A229-41 55-.75 C/.6-.9 Mn 85 300 29 11.5 

0. T. Valve *A230-47 60-.70 C /.5-.8 Mn 85 300 29 11.5 

0. T. Chrome Silicon SAE 9254 50-.60 C/1.3-1.6 Si/.7 Cr 92 375 29 11.5 

0. T. Cr. Si. Valve SAE 9254 50-.60 C/1.3-1.6 Si/.7 Cr 95 375 29 11.5 

0. T. Cr. Si. Aircraft SAE 9254 50- 60 C/1.3-1.6 Si,.7 Cr 96 375 29 11.5 

0. T. Chrome Vanadium *%A231-41 45-.55 C/.18 Van./1.0C 87 350 29 11.5 

0. T. Cr. V., Valve *A232-47 45-55 C/.18 Van./1.0C 93 350 29 11.5 

O. T. Cr. V., Aircraft AMS 6450 45-.55 C /.18 Van./1.0C 4 350 29 11.5 
Stainless Steel AISI 302 17-20 Cr /7-9.5 Ni 87 500 26 10 
Stainless Steel AISI 316 16-20 Cr/12 Ni/3 Mo 78 475 27 10 
Stainless Steel AISI 301 PH 17 Cr/7 Ni/1.1 Al 95 525 29 11.5 
Spring Brass *B134-52 64-72 Cu/Rem 43 150 14.5 45 
Phosphor Bronze *B159-52T 91-93 Cu /7-9 Sn 51 170 14.5 6 
Beryllium Copper *B197-52 98 Cu/2 Be 65 200 18.5 7 
Monel — 64 Ni /26 Cu, 2.5 Mn, 2.25 Fe 42 375 26 95 
“K" Monel -- 66 Ni/29 Cu, 2.75 Al, 0.9 Fe 62 450 26 9.5 
Duranickel — 98 Ni/Cu, Fe, Mn, Si 76 550 30 11 
Inconel -- 80 Ni/13 Cr/6.5 Fe 65 650 28.5 11 
Inconel “X" — 72 Ni/15 Cr/2.5 Ti 75 850 28.5 11 
Ni-Span “C” ~ 42 Ni/5.5 Cr/2.5 Ti 65 300 25 10 





*ASTM Spec 
Fig. 2 


Characteristics of various spring materials. 


*ASTM Spec. 


EDITOR'S NOTE: Certain svring materials are not readily available and may be subject to delayed delivery. 
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ACTIVE COILS are those coils which are free 
to defiect when a load is applied to the spring. 
In most extension springs, all the coils are active. 
There is a definite difference between active coils 
and total! coils in compression springs. 


ANGULAR RELATIONSHIP OF HOOKS 
applies to extension springs, and refers to the 
relative position of the hooks to each other. Since 
the angular relationship varies in the manufacture- 
of springs, it is recommended that a tolerance be 
placed on this specification, unless the hooks may 
vary at random. 


BLUE—See “Stress Relief."’ 
BODY LENGTH refers to the over-all length of 


the active coils in an extension spring. Does not 
apply to compression springs. 


CLOSED ENDS—See ‘Squared Ends, Not 


Ground.” 


CLOSED LENGTH (HEIGHT)—See ‘‘Solid 
Height.” 


COILING is the forming of wire into a spring on 
an automatic coiling machine. 


DRAW —See “Temper.” 
ELASTICITY refers to the ability of a material to 


return to its original form after having been ex- 
tended, compressed, bent, or twisted. 


ELASTIC LIMIT is the maximum stress to which a 
material may be safely subjected. Higher stresses 
would produce permanent set. 


ENDURANCE LIMIT is the maximum stress at 
which any given material will operate indefinitely 
without failure. This stress varies with the working 
stress range. 


FATIGUE is a type of failure which results in break- 
age when springs are operated repeatedly at a 
stress in excess of the endurance limit. This may 
occur at a stress below the elastic limit of the 
material. 


FINAL LOAD in a compression spring refers to 
the load at the shortest length the spring must 
operate. In an extension spring, it refers to the 
load at the longest length at which the spring is 
required to operate. (As opposed to “initial load.”) 


FINAL TORQUE in a torsion spring is the torque 
at the largest deflection angle of the arms at 
which the spring must operate. 


FREE ANGLE is the angle between the arms of a 
torsion spring when the spring is not loaded. 


FREE LENGTH is the length of a spring without 
load. This length is the overall length of a com- 
prescion spring or the length measured inside the 
hooks at the ends of extension springs. 


FREQUENCY (IMPRESSED) is the rate of ex- 


ternal load application in cycles per. second. 


FREQUENCY (NATURAL) is the inherent rate 
of free vibration of a spring itself in cycles per 
second. 


GRADIENT is the load required to deflect a 
spring a given distance. Gradient is usually spec- 
fied in pounds per inch. This factor is also known 
as “rate,” “scale,” “load factor’ and “spring 
constant.” 


HARDENING of spring materials is usually ac- 
complished by heat-treating. The word usually 
implies that the material is heated to a temperature 
above the critical point and quenched in oil 
or water. 





Reprinted by permission from The Helix, published by the Spring Division, Hunter Spring Company, Lansdale, Pa. 
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INDEX is the ratio of mean diameter to wire 
diameter (D/d). 


INITIAL LOAD in a compression spring refers to 
the load at the longest length the spring must 
operate. In an extension spring, it refers to the 
load at the shortest length the spring is required to 
operate. (As opposed to “final load."’) 


INITIAL TENSION in an extension spring refers 
to the “pre-load” which has been wound into the 
coils of a spring during the coiling operation and 
which must be overcome before the coils will start 
to open. 


INITIAL TORQUE in a torsion spring is the 
torque at the smallest deflection angle of the 
arms at which the spring must operate. 


MANUFACTURING VARIATION is the in- 
herent process variation experienced in manufac- 
turing. This is independent of aspecified tolerance. 


MODULUS OF MATERIAL is a measurable 
coefficient which expresses the stiffness of a ma- 
terial. The modulus of most materials does not 
vary appreciably with the hardness or temper. 


MODULUS IN SHEAR (G) is the measurable 
coefficient of the stiffness of a material deformed 
by twisting. 


MODULUS IN TENSION (E) is the measurable 
coefficient of the stiffness of a material deformed 
by extending, compressing, or bending. 


MOMENT is a twisting action which tends to 
produce rotation. It is usually expressed in Ibs.-ft. 
or in Ibs.-inches. 


OPENING OF HOOKS is the space between 
the end of the wire and the body of a spring. 
It is sometimes necessary for assembly purposes. 


OPERATING DEFLECTION refers to the motion 
of the spring between operating lengths in the 
application. 


PERMANENT SET takes place when a material 
is deflected so far that its elastic properties have 
been exceeded. When this is the case, a spring 
does not return to its original dimension upon 
release of the load. 


PITCH is the distance from center to center of 
adjacent coils in a spring. This specification applies 
to the spring in its free position, and is sometimes 
known as “lead” or is inversely specified as “coils 
per inch.”’ 


PLAIN ENDS is a description of the end finish of 
a@ compression spring when there is constant pitch 
for all its coils. This type of end is sometimes called 
“open ends” and can be either ground or not 
ground. 


PRESS—See “Remove Set.” 
PRIMARY LOAD is the term used to describe 


the important load requirement for a spring. (Can 
be initial or final load depending upon the 
application.) 


REMOVE SET is an operation applied to com- 
pression springs. This operation apparently in- 
creases the elastic limit of the material by inducing 
favorable residual stresses. The springs are coiled 
longer than desired so that the length will be 
correct after the set is removed. Each spring must 
be compressed solid, coil to coil, in order to remove 
the set. The operation is sometimes known as 
“pressing,” “setting’’ or “cold setting.” 


RESIDUAL STRESS is induced in a material 


when it is deformed or permanently set. 


SCALE—See “Gradient.” 
SECONDARY LOAD is a term which refers to 


the less important of two load requirements in g 
spring. (Can be initial or final load depending 
upon the application.) 


SET—See “Remove Set." 
SOLID HEIGHT is the length of a compression 


spring when a sufficient load has been applied to 
bring all coils in contact with the adjacent coils and 
additional load causes no further deflection. This 
is sometimes known as “solid length” or “closed 
height.” 


SQUARED AND GROUND ENDS is c term 
used to specify ends of a compression spring where 
the pitch of the last coil is reduced to square of 
the end as much as possible after which the ends 
are ground to produce a flat seat. This is also 
known as “squared ends ground” or “closed end; 
ground.” 


SQUARED ENDS, NOT GROUND is a term 
used to specify ends of compression springs where 
the pitch of the last coil is reduced to square of 
the end as much as possible without grinding. 
This is also known as “squared ends,” “closed ends,” 
and “closed ends not ground.” 


STRESS is the intensity of force per unit oreo 
which produces an internal force equal to ond 
opposite in direction to the external load on the 
spring. When a spring at rest supports a lood, 
this internal force resists further deflection under 
the load. Stress is expressed in pounds per 
square inch. 


STRESS RANGE is the difference in operating 


stresses at maximum and minimum load. 


STRESS RELIEF is a low temperature heat treat- 
ment performed after coiling to remove undesirable 
residual stresses induced in the wire during the 
coiling operation. Compression and extension 
springs should be stress relieved to avoid on 
opparent reduction in the elastic limit due to these 
coiling strains. On the other hand, torsion springs 
ar.d some spring rings should not be stress relieved, 
because the residual coiling stresses tend to in- 
crease the apparent elastic limit for these springs. 
This operation is sometimes called “bluing,” and, 
incorrectly, “drawing” or “tempering.” 


TEMPER is the heat treating of hardened steel 
below the critical temperature to reduce hardness 
and, therefore, brittleness and to thus improve its 
spring properties. 

TOLERANCE is a permissible variation for o 
given specification. In establishing the tolerance 
for a specification, the manufacturing variation 
should be considered. Greater accuracy than 
indicated by the manufacturing variation con 
only be obtained by additional manufacturing 
or inspection operations adding to the cost of 
the springs. 


TORQUE—See “Moment.” 
TOTAL COILS is the total number of coils in the 


spring, as the name implies. The term is used fo 
compression springs only, and need not be used if 
the active coils are specified. 


WINDING is the forming of wire into a helix by 
wrapping it around an arbor. 


WIRE GAUGE is a specification for the size of 
the wire to be used but is only identifiable wher 
the table is also given. The proper procedure & 
for the designer to select the desired size from the 
appropriate wire gauge table for the mat 

and then to specify only the decimal size indicated. 
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GENERAL INFORMATION 


Registration 

Registration for those who have not registered in advance 
for the Analytical Instruments Clinic, Computers Clinic, 
Data Handling Workshop and Technical Sessions will be- 
gin Monday, September 12th at 8:30 A.M. in the Registra- 
tion Center of the Shrine Auditorium. Registration will 
continue through Friday for the Technical Sessions and 
the Exhibits. 

Admission to the exhibits is by official badge obtained 
upon registering. No fee is charged for the Exhibits. 

Those with advance registration for the Clinics, Work- 
shop and Technical Sessions will be given official badges 
upon arrival without delay. Those without advance regis- 
tration will have to complete registration forms before re- 
ceiving their official badges. “very person planning to 
attend the Conference, is urged to make advance registra- 
tion so that no delay is encountered upon arrival. Fill 
out the advance registration forms provided for this pur- 
pose and save yourself precious time. 

Fees for each of the Clinics and Workshop are $5.00 for 
members of the Instrument Society of America, American 
Society of Mechanical Engineers, American Institute of 
Electrical Engineers, Institute of Radio Engineers and 
Southern California Meter Association; non-member fees 
are $7.50. Clinics and Workshop registrants are admitted 
to the Technical Sessions free of charge. The Technical 
Session fee is $2.50 for ISA members and those of the above 
cooperating societies and $5.00 for non-members. 


Roundtable Breakfasts for 
Session Speakers, Chairmen and Recorders 

Breakfast will be served each day, Monday through Fri- 
day at 8:00 A.M. for session speakers, chairmen, and 
recorders at Shrine Hall Exposition Restaurant. These 
men will meet with Technical Vice President Delmas C. 
Little to discuss the details of conducting the technical 
meetings for the day. Representatives of the press are 
invited to attend. 

Each speaker, chairman, and recorder will be mailed a 
notice of the date and place he is to meet his session col- 
leagues for breakfast. 


Dr. A. O. Beckman 
General Chairman 
Los Angeles Host Committee 





Behind the Scenes 


—— 


Hotel Reservations 


The Los Angeles Hotel room situation will be critica] in 
September so make your reservations at the earliest pogsibjp 
date. Reservations made now will save you considerabj. 
time and trouble later on. Those who failed to make early 
reservations for previous annual meetings are well aware ; 
of the annoyance and uncertainty of finding last minute 
accommodations. 





Hotel headquarters for the 10th Annual Instrument Cop. 
ference and Exhibit are the Ambassador, Biltmore an 
Statler. Blocks of rooms have been set aside in these hotels 
for ISA. 

Other hotels are: Alexandria, Chapman Park, New Clark 
Commodore, Figueroa, Gates, Gaylord, Hayward, Lanker. 
shim, Mayan, Mayfair, Mayflower, Ritz Flower, San Carlos, 
Savoy and Town House. 


Make your reservations with the Convention Visitors 
Bureau, Los Angeles Chamber of Commerce, 1151 S. Broad. 
way, Los Angeles 15, Calif. 


ISA President’s Reception 
Sunday afternoon, September 11, 1955 

ISA members and their wives and guests will have the 
pleasure of personally meeting President Brand and other 
ISA officers at a reception to be held Sunday 4:00 P.M., Sep 
tember 11th, at the Statler Hotel. | 


Where to Join ISA 

Membership in the Society is open to all who are inter. 
ested in Instrumentation. Every ISA visitor to the 10th 
Annual Instrument-Automation Conference and Exhibit is 
cordially invited to visit the ISA Booth located at Booth 
B-307 on the main floor of the Shrine Exposition Hall. In 
formative literature concerning membership services and 
benefits may be obtained as well as copies of all ISA pub 
lications. 


Information Center 

ISA will again have a message and general information 
center in the Registration Center of the Shrine Auditorium 
manned by the L. A. Host Committee. A lost and found 
service will also be maintained. 









Much of the success of the 10th Annual Instru 
Automation Conference and Exhibit will depend 
work of the Los Angeles Host Committee. Judging by 
activities of this Committee to date, the show should be 
most successful ever staged by ISA. Listed below are 
names of the people who are diligently working to 
your stay in Los Angeles enjoyable. 

General Chairman, A. O. Beckman; Vice Ch 
Anderson; ISA Local Officers, C. B. Nolte and R. 
wider; Exhibits, R. L. Galley; Employment, R. H. 
Entertainment, F. G. Carter; Tours and Sightseeit 
ritt White; Plant Visits, G. F. Rucker; Ladies’ 
Mrs. C. B. Nolte; Transportation, W. I. Mann; Info 
G. G. Gallagher; Reception and Hospitality, J. B. 
Meetings and Arrangements, R. R. McGee; Publict 
Galley and F. J. Tabery; Registration, J. BE. Wit 
Participating Societies, Edward Cartotto. 
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GENERAL INFORMATION 


Meeting Times 
All Technical Sessions, Clinics, Workshop and social ac- 


tivities are scheduled for Pacific Daylight Time. 

All Technical Sessions will begin each day at 9:30 A.M. 

1955 Maintenance Clinic will begin on September 10 and 
11 at 9:30 A.M., and on September 12 at 8:15 A.M. 

1955 Computer Clinic classes will begin at 9:00 A.M. on 
September 12, 13, and 14. 

1955 Analytical Instruments Clinic classes will begin at 
9:00 A.M. 

Data Handling Workshop will begin at 9:00 A.M. 

Be sure to check bulletin boards for any last 
changes in time or place of meetings. 


minute 


Section Attendance List 

ISA members are always eager to find if fellow section 
members are attending the Conference and Exhibit. A 
separate Section Attendance Book will be set up in the 
ISA Booth for this purpose. Members are urged to sign 
the Section Attendance Book. 


ISA Preprints 

Again this year preprints of some of the papers presented 
at the ISA Technical Sessions will be available. These 
will be sold on the following basis: 

2to 4 page ISA preprints 
25e members 50c members 
35¢e non-members 70c non-members. 

A list of all ISA preprinted papers will be posted at the 
Conference. 

Preprints of the co-operating societies can be purchased 
at the respective society booth. 


6 to 8 page ISA preprints 


Free Bus Service 

ISA visitors to the Conference and Exhibit will be happy 
to know that Fred Lennon will again provide the free 
Swagelok bus service from downtown Los Angeles to the 
Shrine Auditorium and Exposition Hall. Routing and 
schedules of the Swagelok buses will be posted at the Con- 
ference. 


Co-operating Societies 

The professional societies co-operating with ISA for the 
10th Annual Instrument-Automation Conference and Ex: 
hibit by having their own concurrent technical sessions and 
exhibits are: 

American Society of Mechanical Engineers 

American Institute of Electrical Engineers 

Institute of Radio Engineers 

Southern California Meter Association 


Employment Register 

Facilities will again be provided during ISA’s 10th 
Annual Conference and Exhibit for job applicants and 
prospective employers to get together for interviews at Los 
Angeles. 

Any ISA member who plans to be in Los Angeles during 
the week of Sept. 12-16, 1955 and who wishes to be contacted 
by employers for new job opportunities can do so by request- 
ing an Employment Register form from the National ISA 
Office. When filled out and filed with the National Office, 
this experience resumé form will be made available to em- 
ployers at the Exhibit and if the member’s background is of 
interest, the ISA Employment Committee will arrange for 
the interview 

The Los Angeles Employment Register will be operated 
by the ISA Employment Committee headed by Richard H. 
Hardy. 

The Los Angeles Register will also include a list of job 
openings so that ISA members can look these over while 
at the Show and request an opportunity to be interviewed 
out there. 

Any member who may not be in Los Angeles can still 
make his availability known to employers. He merely 
needs to file at the National Office the ISA Employment 
Register form, and as employers advertise their openings 
his record will be submitted to them for review and for 
direct contact with the member. There are no fees or 
charges for this employment service to ISA members, either 
for the Los Angeles Register or for the Register constantly 
maintained in the ISA National Office at Pittsburgh. 


o — ISA MEETINGS — 


, September 10, 1955 
Structure and Planning Committee. 9:30 A.M. 


y, September 11, 1955 
Board 

















SSSI BETES AEE 9:00 A.M. 
Statler—Mission Room 
mded Practices Committee... 10:00 A.M. 
it’s Reception, Hotel Statler... 4:00 P.M. 
Seong 12, 1955 
4:00 P.M. 
ap Medical Instrumentation 
ittee 8:00 P.M. 
ber 13, 1955 
entation Committee__._._____.10:00 A.M. 
al Instrumention, Automatic 
10:00 A.M. 
ation ong Production Processes 
" 12:30 P.M. 
2:00 P.M. 
olden State Room 
4:00 P.M. 





olden State Room 


Meetings unless otherwise specified will be held in the Lounge Room, Lower Level Shrine Exhibit Hall 
































IRD-ASME Dinner Meeting 6:30 P.M. 
Testing Instrumentation Committee 7:30 P.M. 
Wednesday, September 14, 1955 
Nominating Committee 9:30 A.M. 
Sections and Membership Committee. 11:00 P.M. 
Section Officers Luncheon 12:30 P.M. 
Julie’s Restaurant 
Education Committee _ 3:00 P.M. 
Finance Committee _ 4:00 P.M. 
ISA Annual Banquet aIRze| 7:30 P.M. 
Moulin Rouge 
Thursday, September 15, 1955 
Meetings Committee 10:00 A.M. 
General Relations Division 11:00 A.M. 
Exhibitors Meeting 1:00 P.M. 
Main floor of Shrine Auditorium 
Instrument Mechanics Training 3:00 P.M. 





Subcommittee of Operation and Maintenance 
Friday, September 16, 1955 


Exhibitors Advisory Committee. = SS 1:00 PM. 
No Definite Date Set for other Committees. «= - 
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EXHIBITORS 


A 


Abbott Instrument & Eng. Co. 
Abrams Instrument Corp. 

Acro Manufacturing Co. 

Allegany Instrument Co. 
American Cystoscope Makers, Inc. 


American Helicopter (Div. of Fairchild Engine 
& Airplane Corp.) 


American Institute of Electrical Engineers 
American Institute of Physics 

American Instruments Co. 

American Laubacher Co. 

American Meter Co. 

American Phenolic Corp. 

American Recording Chart Co. 

American Society of Mechanical Engineers 
Ampex Corporation 

Analytical Measurements, Inc. 
Anders-Lykens Corporation 

H. Reeve Angel & Co., Inc. 

The Annin Company 

Applied Research Labs. 

Askania Regulator Co. 

Assembly Products, Inc. 

Associated Research, Inc. 

Automatic Electric Sales Corp. 
Automatic Switch Co. 

Automatic Temperature Control Co., Inc. 
A-V Manufacturing Corp. 


Bailey Meter Co. 
Baker Company 


Barber-Colman Company 
(Wheelco Instruments Div.) 


Barksdale-Meletron 
Barton Instrument Co. 
Beckman Instruments, Inc. 
Arnold O. Beckman, Inc. 
Beckman & Whitley Inc. 
Bendix Aviation Corp. 
Benson-Lehner Corp. 
James G. Biddle Co. 
B-1-F Industries, Inc. 
J. Bishop G Co., Platinum Works 
Black, Sivalls G Bryson, Inc. 
Bourns Laboratories Instrument Sales Corp. 
Brailsford & Co., Inc. 
The Bristo!t Company 
Brooks Rotameter Co. 
Brush Electronics Co. 
Buffalo Meter Co. 
Burgess Battery Co. 
Secrets heir 

( ic Instruments Div.) 
Bu 

Corp. 

Burroughs 


Burton Manufacturing Co. 
Byron-Jackson Co. 


56% 





DATES AND HOURS OF EXHIBIT 
Monday, September 12—2 P.M. to 10 P.M. 


Wednesday, Sept. 14—10 A.M. to 6 P.M. 
Thursday, Sept. 15——-12 Noon to 10 P.M. 
Friday, September 16—10 A.M. to 6 P.M. 





Tuesday, September 13—10 A.M. to 6 P.M. 








Angus Campbell Corp. 

J. A. Campbell Co. 

CEC Instruments, Inc. 

Central Scientific Co. 

Century Geophysical Corp. 
Chemiquip Co. 

Cinema Engineering Co. 
Coleman Engineering Co., Inc. 
Commercial Iron Works 
Commercial Research Laboratories, Inc. 
Earl S. Condon Co. 

Conoflow Corporation 

Conrad Spring Company 


Consolidated Engineering Corp. Inc. 
(CEC Instruments) 


Continental Equipment Co. 


Control Engineering 
McGraw Hill Publishing Co. 


Control Engineering Corp. 
Control Products, Inc. 

R. W. Cramer Co., Inc. 
Crawford Fitting Co. 
Crescent Engineering 


Crosby Steam Gage & Valve Co. 
(Crosby-Ashton) 


George W. Dahi Co. 
Daniel Orifice Fitting Co. 
The Daven Company 
Davidson Mfg. Co. 
Joe Davidson & Associates 
The Davies Laboratories, Inc. 
Daystrom Instruments 
Detectron Corporaticn 
(Computor Measurements Div.) 
Detroit Controls Corp. 
The Deutsch Company 
DeZurik Shower Co. 
Wilbur B. Driver Co. 
Driver-Harris Company 
E. 1. dw Pont de Nemours G Co., Inc. 
Durant Mfg. Co. 


Hygrotester, inc. af 


a 


Eagle Signal Corp. 
Eastman Kodak Co. 
Edin Co., Inc. 
Thomas A. Edison Co. 
Electric Auto-Lite Co. 


ElectroData Corp. " 
Electromec, Inc. F 


Electronic Associates, Inc. 
Electronic Tube Corp. 
Eigin Metalformers Corp. 
Encyclopaedia Brittanica 
Endevco Corporation 
Esterline-Ang’:s Co., inc. 


Farnsworth Electronics 
Farris Engineering Corp. 
J. W. Fecker, Inc. 
Federal Tele. G Radio Co. 
Felts Corporation 


(Microdot Division) 
Fenwal, Inc. Pd 


Filters, Inc. 

Fischer & Porter Co. 
Fisher Governor Co. 
Flexonics Corp. a 
The Fluor Corp. Ltd. C 
Foster Engineering Co. 
The Foxboro Co. 


R. P. Gallien & Son 
General Controls Co. ‘ 
General Electric Co. 

General Instruments 

General Precision Equipment Co. 

General Precision Laboratories, inc. 

General Radio Co. 

Genisco, Inc. 

G. M. Giannini & Co., Inc. 4 
The Goidak Company 
Goodyear Aircraft Corp. 
Claude S. Gordon Co. 


Gow-Mac Instrument Co. 
(G. H. Vaughan Co.) 


Gulton Mfg. Co. 
W. GL. E. Gurley 
Gy hani » Inc. a 





H Ca 


Hallikainen Instruments ae 
Hamilton Watch Co. 

Hammariund Mfg. Co., Inc. 

Hammel-Dahi Co. a 
Hankison Corporation a 
Hathaway Instrument Co. / 
A. W. Haydon Company 
Hays Corporation : 3 
Karl Heitz, Inc. . an 
Carl Hermann Associates ' 

Hickok Electrical Instrument Co. 
Hoke, Inc. ' 
Hycon Manufacturing Co. ; 
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VU] e_ 


li 


Ideal-Aerosmith, Inc. 

IMinois Testing Laboratories, Inc. 

The Imperial Brass Mfg. Co. 

industrial Engineering Corp. 

industrial Instrument Corp. 

+ Industrial Laboratories, Pub. Co. 
“Industrial Timer Corp. 


Industrol Corp. 
, “|nstrot Incorporated 


J-B-T Instruments, Inc. 
Jensen Instrument Co. 
Jerguson Gage & Valve Co. 


Pt W. A, Kates Company 

Kaye Development Co. 

Kearfott Company 

Kellogg Switchboard G Supply Co. 
ow; — The C. M. Kemp Mfg. Co. 

' Keystone Tool Corp. 

-Kieley.& Mueller, Inc. 

j Kollmorgan Optical Corp. 





Lapp Insulator Co. 





Magnetrot, Inc. 

William 1. Mann Co. 

| Manning, Maxwell & Moore 

5 | Marquardt Aircraft Company 

/»  Mason-Neilan Regulator Co. 
MB Manufacturing Co., Inc. 


} Mikron Instruments, Inc. 





a G Appliances Co. 
.: f Minneapolis-Honeywell Regulator Co. 
Ch (ttm R. Monsell Co. 
. Samuel Moore & Company 


Vie Co. 
_ Meorehouse Machine Co. 





& Co. 
“Of America 


EXHIBITORS 


Nash Engineering Co. 

Nemeth Inc. 

New Hermes Engraving Machine Corp. 
North American Aviation, Inc. 

North American Philips Co. 


o 


Offner Electronics, Inc. 
Optical Coating Labs. Inc. 


P 


Palmer Thermometers, Inc. 
Panellit, Inc. 


Penberthy Injector Co. 
(Div. of Buffalo Eclipse Corp.) 


Penn Industrial Instrument Div. 
(Burgess-Manning Co.) 


The Perkin Elmer Corp. 

Perkin Engineering Corp. 
Perimuth-Colman Instrumentation 
The Permutit Company 

Phillips Control Corp. 

Photocon Research Products 
Potter Aeronautical Co. 

The Precision Coil Spring Co. 
Precision Scientifc Company 





Precision Thermometer & Instrument Co. 


Radiation, tnc. 

Radio Frequency Laboratories, Inc. 
J. B. Rea Company, Inc. 

Republic Manufacturing Co. 
Research Controls 

Revere Corporation of America 
Rex Corporation 


Robertshaw-Fulton Controls 
Fulton Sylphon Division 


Robertshaw-Fulton Controls Co. 
Fielden Instr. Div. 


Robinson Orifice Fitting Co. 


s 


Scam Instrument Corp. 
Servo-Tek Products Co., Inc. 
Shalicross Mfg. Co. 

Shand & Jurs Co. 


The Skinner Chuck Co. 
(Skinner Electric Valve Div.) 


S$. Morgan Smith Co. 

T. Louis Snitzer 

Southern California Meter Association 
Southwestern Industrial Electronics Co. 
Special Screw Products Co. 

Specific Products 

Statham Laboratories, Inc. 
Streeter-Amet Company 

The Superior Electric Co. 





Superior Tube Co. 

Surprenant Manufacturing Co. 

The Swartwout Company 

Swiss American Jewel Bearings Co. 
Swissomatic Products Co. 


T 


Taylor Instrument Cos. 
Technical Charts, Inc. 
Tektronix, Inc. 

Tenney Engineering Co., Inc. 
Thermo Electric Mfg. Co. 
Tracerlab, Inc. 

Traid Corporation 

Trinity Equipment Co. 


U 


Union Carbide & Carbon Corp. 
(Linde Air Products) 


Unistrut Products Co. 


United Electric Controls Co. 
United States Air Force 
U. S. Atomic Energy Commission 
U. S. Department of Commerce 
U. S. Navy 
U.S. Electrical Motors, Inc. 
U. S. Engineering Co., Inc. 
U. S. Gauge 
(American Machine & Metals Inc. 
Unitek Corp. 


Vv 


Vapor Recovery Systems, Co. 
Varian Associates 
G. H. Vaughan Co. 
Veeder-Root, Inc. 


w 


Wallace & Tiernan Co., Inc. 
WAC Engineering Co. 

Warren Electronics, Inc. 
Waterman Products Co. 

Waugh Engineering Ceo. 

The Weatherhead Co. 

W. M. Welch Mfg. Co. 

West Instrument Corp. 
Westberg Mfg. Co. 

Western Contro! Equipment Co. 
Western Sales Engineering 
Weston Electrical Instrument Corp. 
Wianckeo Engineering Co. 

Wright Engineering Co. 
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TECHNICAL SESSIONS 


SEPT. 12-16, SHRINE AUDITORIUM, LOS ANGELES, CALIFORNIA 


HE TECHNICAL SESSIONS of the ISA 10th Annual In- 

strument-Automation Conference and Exhibit at Los 
Angeles during the week of September 12-16, 1955, will pro- 
vide forums for the exchange of ideas, theory and techniques 
of instrumentation. More than 80 informative papers will 
be presented at the 33 specialized Sessions, and many in- 
valuable contributions to the sciences will be made during 
the free “give-and-take” of the informal discussions. Every 
person in attendance can contribute to an expanding body 
of knowledge and each in return will find many things of 
personal value. Whether you are a manufacturer, user, 
scientist, engineer, operator, salesman, an educator or a re- 
searcher, there are Sessions of practical and immediate 
value for you. 


Monday, Sept. 12—9:30 A.M. 


SESSION | ON INSTRUMENTATION FOR PRODUCTION 
PROCESSES 

pose Volume Pumps are Flow Control Instruments 
(55-1-1) 

Robert T. Sheen, Milton Roy Company, Philadelphia, Pa. 
Application of Principles of Instrumentation to Liquid and Dry 
Feeders (55-1-2) 

Paul Coffman, Omega Machine Co., Providence, R. I. 
Orificie Plate Errors Due to Pulsative Flow (55-1-3) 

—— Newman, The Fluor Corporation, Whittier, 

alif. 


SESSION | ON TESTING INSTRUMENTATION 
INSTRUMENTATION AND MEASUREMENT BELOW 80K 
Instrumentation for, and the Significance of, the Large Scale 
Production of Low Boiling Liquified Gases (55-2-1) 
Dr. Birmingham, National Bureau of Standards, Boulder, 
Colo. 
Studies of the Physical Properties of Metals at Low Temperature 
(55-2-2) 
Dr. T. G. Berlincourt, North American Aviation, Inc., 
Downey, Calif. 
Thermometry from Room Temperature to Below 1K and Some 
of the Problems Involved (55-2-3) 
Dr. J. R. Pellam, California Institute of Technology, 
Pasadena, Calif. 


SESSION | ON BIOLOGICAL AND MEDICAL 
INSTRUMENTATION 
Automatic Bacterial Colony Counter (55-3-1) 
Dr. Carl Berkeley, Allen B. DuMont Laboratories, Clif- 
ton, N. J. 
Measurement of Short Time Increments in Human Physiology 
(55-3-2) 
— Rand, University of California, Los Angeles, 
Calif. 
Micrometron Cell Counter (55-3-3) 
L. Rovner (Optionic Research, Inc., Cambridge, Mass. 
ro ewry Equipment for Supported Electrolyte lonophoresis 
(55-3-4) 
Raymond Jonnard, Paterson General Hospital, Pater- 
son, N. J. 


—— 





SESSION | ON METEOROLOGICAL INSTRUMENTATION 


The National Bureau of Standards Airborne Microwave : 
Refractometer (55-4-1) i 
Moody C. Thompson, National Bureau of Standards | 
Boulder, Colo. 
A Pressure Actuated Anemometer for the Measurement of 
Orthogonel Wind Components (55-4-2) 
Berhard Helfand, North American Instruments, Ine 
Altadena, Calif. : 





Monday, Sept. 12—2:00 P.M. 


SESSION | ON GEOPHYSICAL INSTRUMENTATION 


The Application of Magnetic Recording for Geophysical 
Instrumentation (55-5-1) 
S. J. Begun, Clevite-Brush Development Company, Cleve- 
land, Ohio. 
A Magnetic Tape Recording and Record Analysis System for 
Seismic Use (55-5-2) 
Louis W. Erath, Southwest Industrial Electronic Re 
search and Development Corporation, Houston, Texas. 
The Magnetic Storage and Controlled Release of Seismic 
Survey Data (55-5-3) 
G. M. Grosjean and J. M. Cunningham, Techno Instrv- 
ment Company, Los Angeles, Calif. 
Direct Measurement of the Timing Error of a Magnetically 
Recorded and Reproduced Signal (55-5-4) 
Joseph W. Barkley, Jr., Ampex Corporation, Redwood 
City, Calif. 





AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
SESSION | 
Industrial Regulators Division 
A Survey of Methods of End Point Analysis 
ar Stickney, Beckman Instruments, Inc., Fullerton, | 
alif. 
Process Control by End Point Analysis and Associated Data 
Reduction Systems 
Sibyl M. Rock, ElectroData Corporation and Jack 
Walker, Consolidated Engineering Corporation, Pasa 
dena, Calif. 
Automation—lIts Effect Upon the Future of the Process 


Industries 
Ira C. Bechtold, Consulant, La Habra, Calif. 


SOUTHERN CALIFORNIA METER ASSOCIATION SESSION ! 
Recent Progress in Orifice Meter Measurement 
Richard M. Voils, Jr., General Petroleum Co., Santa Fe 
Springs, Calif. 
Basic Elements for Pressure Control 
A. M. Thackara, Mason-Neilan Regulator Co., Los Ange 
les, Calif. 
Remote Control of Unattended Pipeline Stations 
re E. Rufleth, The Bristol Company, Walterbury, 
onn. 
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_ TECHNICAL SESSIONS 


Tuesday, Sept. 13—9:30 A.M. 


SESSION 11 ON INSTRUMENTATION FOR PRODUCTION 


ESSES 
oi System of the Fairless Works Soaking Pits (55-6-1) 


_ Webber, U. S. Steel Corporation, Fairless, Pa. 
Fact of Pneumatic Control System (55-6-1) 
Page S. Buckley, E. I. duPont deNemours & Co., Inc., 
ilmington, Del. , 
ites Hone Controls Respond to Dynamic Analysis (55-6-3) 
Carl Sanders, E. I. duPont deNemours & Co., Inc., Wil- 


mington, Del. 


SESSION 11 ON TESTING INSTRUMENTATION 


Strain Measurement 
Strain Gage Balance for Ship Model Testing (55-7-1) 
V. E. Benjamin, M. Dean III, J. E. Stern, David Taylor 
Model Basin, Washington, D. C. 
Variable Permeance Transducers for Strain Measurement 
ications (55-7-2) ; 
WY fewer, Crescent Engineering & Research Co., El 
Monte, Calif. ; 
Etched Foil Strain Gages for Room Temperature and High 
Temperature Use (55-7-3) ; 
F. N. Singdale and R. A. Alleman, Baldwin-Lima-Hamil- 
ton Corp., Philadelphia, Pa. ; 
Sensing Elements for Large Forces and Displacements in System 
Immersed in Salt Water (55-7-4) 
R. W. Clough and C. F. Scheffey, University of Califor- 
nia, Berkeley, Calif. 


SESSION | ON INSTRUMENT OPERATION AND 
MAINTENANCE 
Instrumentation with an Instrument Pool (55-8-1) 

W. J. Maxwell, General Electric Co., Schenectady, N. Y. 
Instrument Application of Statistical Analytical Techniques 
(55-8-2) 

R. F. Mahood, E. I. duPont deNemours & Co., Orange, 

Texas 
Maintenance Procedures for Analytical Instrumentation (5-8-3) 

J. F. Davis, Monstanto Chemical Co., Texas City, Texas. 


SESSION 11 ON BIOLOGICAL AND MEDICAL 

INSTRUMENTATION 

rary of Rapid and Continuous Infrared Co» Analysis 

-9-1) 
ga F. Farr, Respiratory Center for Polio, Hondo, 
alif. 

Sonic Gas Analyzer for Measuring Respiratory Gases (55-9-2) 
Michael Kniazuk and F. Robert Prediger, Merck Insti- 
tute for Therapeutic Research, Rahway, N. J. 

lems of Voltage Current Stabilization in Biochemical 
Techlonogy (55-9-3) 
yond Jonnard, Paterson General Hospital, Paterson, 


Ocillographic Instrumentation in Biology and Medicine 
Alonzo Parsons, Minneapolis-Honeywell Regulator Co., 
Heiland Div., New York City, N. Y. 

(55 Fg, enatocers in Medical and Biological Measurements 
~9-5) 


Lawrence Keenen, Minneapolis-Honeywell Regulator 


Company, New York City, N. Y. 


Tuesday, Sept. 13—2:00 P.M. 


SESSION | ON ANALYSIS INSTRUMENTATION 

GENERAL 

Equipment for Continuously Recording Residual Chlorine 

Concentration (55-10-1) 

E. L. Eckfeldt, Leeds & Northrup Company, Phila- 
delphia, Pa. 

A Sensitive Thermoelectric Water Vapor Recorder (55-10-2) 
John P. Strange, Mine Safety Appliances Company, 
Pittsburgh, Pa., and Charles Skarstrom, Standard Oil 
Development Co., Elizabeth, N. J. 

New Methods of Gas Analysis (55-10-3) 

Marvin D. Weiss, Hoke, Inc., Englewood, Calif. 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
SESSION Il 
Industrial Regulators Division 
Application of Data Reduction System to the Control of the 
Union Oil Refinery at Santa Maria, Calif. 
Clyde L. Caldwell, Union Oil Co. of California, Santa 
Maria, Calif. 
Use of Refractometer Controllers 


H. R. Harris, Phillips Petroleum Company, Bartlesville, 
Okla. 


INSTITUTE OF RADIO ENGINEERS SESSION |! 
Professional Group on Instrumentation 
Recent Applications of Wired Television to Industrial and 


Commercial Process Control 
John Day and R. T. Silberman, Kay Lab, San Diego, Calif. 


Application of Mass Spectrometry to Refinery Control 
J. K. Walker, Consolidated Engineering Corporation, 
Pasadena, Calif. 


Wednesday, Sept. 14—9:30 A.M. 


SESSION Ill ON INSTRUMENTATION FOR PRODUCTION 
PROCESSES 
Relief Valve Discharge Systems (55-11-1) 
Nicholas Steshko, The Fluor Corporation, E. Los Ange- 
les, Calif. 
The Economics of Instrumentation in the Oil Refinery 
(55-11-2) 
Harry Moore, Esso Research & Engineering Company, 
Linden, N. J. 
Natural Gasoline Plant Instrumentation (55-11-3) 
Elmer Kleir, Foxboro Company, Houston, Texas. 
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TECHNICAL SESSIONS 


Wednesday, Sept. 14—9:30 A.M. (con't) 


SESSION Ill ON TESTING INSTRUMENTATION 
VIBRATION MEASUREMENT 


Measurement of Helicopter Vibrations (55-12-1) 
J. Bamler, General Electric Company, Lynn, Mass. 
Angular Displacement Pickup (55-12-2) 


D. J. DeMichele, General Electric Company, Schenectady, 


N. Y. 
Vibration Measurements in the Aircraft Industry (55-12-3) 
E. O. Spencer, Hughes Aircraft, Culver City, Calif. 


SESSION I| ON ANALYSIS INSTRUMENTATION 


APPROACHING AUTOMATION THROUGH PROCESS 

CONTROL DYNAMIC STUDIES 

A Systematic Approach to Automatic Process Control 

(55-13-1) 

R. L. McCarthy, E. I. duPont deNemours & Co., Inc., 
Wilmington, Del. 

Dynamic Analysis and Control of a Process Pump (55-13-2) 
Robert P. Bigliano, E. I. duPont deNemours & Co., Inc., 
Wilmington, Del. 

The Dynamic Response of a Process Analyzer with Its Associated 

Sampling System (55-13-3) 

Elliot Woodhull, The Perkin Elmer Corp., 
Conn. 

Analysis of Automatic pH Control (55-13-4) 
Larry Silva and H. J. Noebels, Beckman Instruments, 
Inc., Fullerton, Calif. 

A Preliminary Dynamic Study of Furfural Extractive Distillation 

Column Control (55-13-5) 

D. E. Berger, Phillips Petroleum Company, Bartlesville, 
Okla., and G. G. Campbell, Phillips Chemical Company, 
Borger, Texas. 


Norwalk, 


SESSION | ON AERONAUTICAL INSTRUMENTATION 
TRANSDUCERS USED IN FLIGHT TESTING 


The Mechanics of Obtaining Valid Shock and Vibration Data 
Using Piezo Electric Crystals (55-14-1) 


H. I. Sargaent, Hughes Aircraft Co. 


Environment Protection of Strain Cages (55-14-2) 
A. C. Plantz, Douglas Aircraft Co. 


SESSION II1 ON ANALYSIS INSTRUMENTATION 
pH MEASUREMENT SYMPOSIUM 


pH Control in Industrial Waste Treatment (55-15-1) 
a J. Kehoe, Beckman Instruments, Inc., Fullerton, 
alif. 


Wednesday, Sept. 14—2:00 P.M. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
SESSION | 
Committee on Instruments and Measurements 
Temperature Errors in a Dragmagnet Eddy-Current Type of 
Tachometer Indicator 
Lloyd T. Akeley and J. J. Fraizer, General Electric Com- 
pany, Lynn, Mass. 
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INSTITUTE OF RADIO ENGINEERS SESSION I! 

Professional Group on Instrumentation 

The Edwards Air Force Base High Precision Space Positionin 

Range : 
Fred S. Howell, Edwards Air Force Base, Edwards 
Calif. : 

PARAMI—A Prevision Electronic Distance Measuring Equipment 
Victor Cartwright, The Ralph M. Parsons Company. 
Pasadena, Calif. 

An Improved Subcarrier Discriminator 
ery Heberling, Naval Ordnance Laboratory, Corona, 
Calif. 


Thursday, Sept. 15—9:30 A.M. 


SESSION IV ON INSTRUMENTATION FOR PRODUCTION 

PROCESSES 

Accuracy of Standard Power Plant Instrumentation for Heat 

Rate Testing (55-16-1) 

Paul Matthew, Pacific Gas & Electric Company, San 
Francisco, Calif. 

Instrumentation for Modern Utility Power Plants (55-16-2) 
William Welch, Jr., Long Island Lighting Company, 
Mineola, N. Y. 

All Electronic Mass Flowmeter (55-16-3) 

—— Brewer, Fischer & Porter Company, Hatboro, 
> 
2. 
An Ultrasonic Flowmeter for Liquids (55-16-4) 
Jack Kritz, W. L. Maxson Corp., New York, N. Y. 


SESSION IV ON INSTRUMENTATION FOR TESTING 
RESEARCH AND DEVELOPMENT 
A New General Purpose Oscillograph (55-17-1) 
D. M. Ihle and J. L. Paine, General Electric Company, 
Lynn, Mass. 
A-C Generator Simulator and Response-Ratio Meter for 
Testing Voltage Regulators (55-17-2) 
R. E. Wendt, Jr., and J. T. Carleton, Westinghouse Elee- 
tric Corporation, East Pittsburgh, Pa. 
“tre Application of Low Cost Electronic Instrumentation 
( -17-3) 
E. C. Fiebich, Heath Company, Benton Harbor, Mich. 


SESSION IV ON ANALYSIS INSTRUMENTATION 
SYMPOSIUM ON SAMPLING SYSTEMS FOR PROCESS CON- 
TROL INSTRUMENTS 
Meeting Sampling System Requirements for Continuous Gas 
Analyzers (55-18-1) 
P. D. Schnelle, E. I. 
Wilmington, Del. 
Proposed Plant Stream Sampling for Mass Spectrometer 
(55-18-2) 
Joseph G. Neuland, Beckman Instruments, Inc., Fuller- 
ton, Calif. 
How to Sample Liquid Streams for Monitoring Dielectric 
Constant and Viscosity (55-18-3) j 
B. W. Thomas, N. F. Chamberlain, 0. J. Howell, am 
R. L. Martin, Humble Oil & Refining Company, Baytow, 
Texas. 
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TECHNICAL SESSIONS 


Thursday, Sept. 15—9:30 A.M. (con’t) 


SESSION 11 ON AERONAUTICAL INSTRUMENTATION 


PANEL DISCUSSION 


NOISE AND VIBRATION MEASUREMENT (55-19-1) 

Panel Members 
Robert L. Stallard, Applied Physics Laboratory, John 
Hopkins University. 
Dr. Morrow, Ramo Woolridge Corp. 
George T. Gebhardt, Physical Research Staff, Boeing 
Airplane Co. 


M. M. Miller, Douglas Aircraft Co. 
Gomer L. Davies, Davies Laboratories, Inc. 


SESSION | ON TRANSPORTATION INSTRUMENTATION 
NOISE, VIBRATION AND TEST EQUIPMENT 


Aircraft Monitoring Systems for Vibration Monitoring in Flight 
(55-20-1) 

A. F. Gebhart. 
Vibration Measurement in Highway and Railroad Equipment 
(55-20-2) 

T. L. Greenwood. 


Thursday, Sept. 15, 2:00 P.M. 


SESSION V ON TESTING INSTRUMENTATION 
GENERAL 


Measurement of Extraneous Motions in Commercial Linear 
Vibration Tables (55-21-1) 

W. R. Elliot, Boeing Airplane Company, Seattle, Wash. 
Instrumentation for Research and Development Testing of 
Liquid Propellant Rocket Motors (55-21-2) 

R. H. Gray, Bell Aircraft Corporation, Buffalo, N. Y. 
Some Solutions to Instrumentation Problems in Static and 
Dynamic Structure Testing (55-21-3) 

D.R. Harting, Boeing Airplane Company, Seattle, Wash. 
Strob-Control System for Motion Picture Camera (55-21-4) 


Ais California Institute of Technology, Pasadena, 
if. 


SESSION V ON ANALYSIS INSTRUMENTATION 


SYMPOSIUM ON SAMPLING SYSTEMS FOR PROCESS CON- 
TROL INSTRUMENTS 


A Method for Continuous Subatmospheric Sampling for a 
Monitor Mass Spectrometer (55-22-1) 
- E. Escher and Henry Landsberg, Consolidated Engi- 
neering Corp., Pasadena, Calif. 
A Sampling System for an RF Process Monitor Mass 
eter (55-22-2) 
R. E. Wightman, W. D. Peters, L. A. Grundy, Phillips 
Petroleum Co., Bartlesville, Okla. 


Experience in Sampling Plant Gas Streams for Analysis 
Measurement (55-22-3) 
R. K. Davis and J. L. Serrill, Leeds & Northrup Com- 
pany, Philadelphia, Pa. 


SESSION | EDUCATION COMMITTEE 


SYMPOSIUM TRAINING ENGINEERS AND MECHANICS IN 
INSTRUMENT FUNDAMENTALS 


Instrument Training on the Job (55-23-1) 
R. F. Angell, Union Oil Company of California, Santa 
Maria, Calif. 

The 1954-55 Educational Program of ISA Seattle Section 
H. E. Myers, Pacific Scientific Company, Seattle, Wash. 


A Training Course in Temperature Fundamentals (55-23-3) 
Wm. H. Furry, The Foxboro Co., Foxboro, Mass. 


Friday, Sept. 16—9:30 A.M. 


SESSION Il ON TRANSPORTATION INSTRUMENTATION 
NEW INSTRUMENTS FOR TRANSPORTATION 


Magnetic Airborne Flight Recorders (55-24-1) 
R. L. Sink, Consolidated Engineering Corp., Pasadena, 
Calif. 


SESSION | ON DATA HANDLING 


Digital Handling of Analog Data (55-25-1) 
Bernard Gordon, Epsco, Inc., Boston, Mass. 
Automatic Data Transmitting System (55-25-2) 
James R. Cunningham, Berkeley Div., Beckman Instru- 
ments, Inc., Richmond, Calif. 
Functional Considerations of an Inexpensive Electronic Analog 
Computer (55-25-3) 
Chalmer E. Jones, Heath Company, Benton Harbor, 
Mich. 


SESSION | ON INSTRUMENTATION FOR INSPECTION AND 
GAGING 


Appraising Accuracy in Dimension Measurement (55-26-1) 
Col. William J. Darmody. 


SESSION | ON NUCLEAR RADIATION INSTRUMENTATION 
Papers to be announced (55-27). 
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INSTRUMENTS MAINTENANCE CLINIC 


Sept. 10, 11, 12, 1955 — Founders Hall, University of Southern California — Los Angeles, Calif, 


COURSE: 

Maintenance and trouble-shooting of process control 
instruments. Principally for operating, mainte- 
nance and apprentice personnel. 


SUBJECTS: 
Choice of three schedules each consisting of a well 
balanced series of eight different instruments. 


INSTRUCTION: 

Explanation of instruments, parts and circuits. 
Demonstration of trouble-shooting procedure. 
Question and answer periods. 

Individual practice. 

Copies of instruction manuals. 

SESSIONS: 

Eight 2-Hour sessions; three each on Saturday and 
Sunday mornings and afternoons; two on Monday 
morning. Monday afternoon the Instrument-Auto- 
mation Exhibit opens at Shrine Exposition Hall 
which is a few blocks walk from Founders Hall. 


e CLINIC HOURS: 


e GROUPS: 
Limited to 25 per group per session. 

e LUNCHES: 
Luncheon facilities are available on the University 
Campus. 

e CERTIFICATE: 
A Certificate of Completion will be issued to each 
registrant who completes the full Instruments 
Maintenance Clinic Course. 

e FEES: 
ADVANCE REGISTRATION REQUIRED. 
$5.00 to members of ISA, ASME, AIEE, IRE, and 
SCMA; non-members, $7.50. Non-members may ap- 
ply the surcharge of $2.50 toward payment of dues, 
if they enroll as full ISA members before October 
15, 1955. 
Full registration fee to the Clinic admits the regis- 
trant to the technical sessions of the Conference 
without additional fee. Admission to the Exhibit 
is free. 


Saturday and Sunday, September 10th and 11th: 
9:30 to 11:30 A.M.; 1:00 to 3:00 P.M.; 3:15 to 5:15 P.M. 


Monday, September 12th: 


8:15 to 10:15 A.M.; 10:30 A.M. to 12:30 P.M. 


SCHEDULE A 

e THE ANNIN COMPANY 
Domotor Control Valves 

e BARTON INSTRUMENT COMPANY 
Bellows Type Flow Meters 
with Pneumatic Transmitters 

e THE BRISTOL COMPANY 
Dynamaster Temperature Recorders 

e FISCHER & PORTER COMPANY 
Variable Area Flow Meters 

e THE FOXBORO COMPANY 
Consotrol Instruments 

e MOORE PRODUCTS COMPANY 
Nullamatic Controllers and M/P Control Stations 

e REPUBLIC FLOW METERS COMPANY 
Force Balance Transmitters 

e TAYLOR INSTRUMENT COMPANIES 
Fulscope Controllers 





SCHEDULE B 

e THOMAS A. EDISON, INC. 

Omniguard Temperature Monitoring System 
e THE FOXBORO COMPANY 

Dynalog (EMF and Resistance) Recorders 
e THE HAYS CORPORATION 

Magno-Therm Oxygen Analyzers 
e INDUSTRIAL INSTRUMENT CORPORATION 

Bellows Type Differential Flow Meters 
e KIELEY & MUELLER, INC. 

Control Valves 


e MASON-NEILAN REGULATOR COMPANY 
Level Control Equipment 

e MINNEAPOLIS-HONEYWELL REGULATOR 
COMPANY 
Tel-O-Set Control Systems 

e TAYLOR INSTRUMENT COMPANIES 
Transaire and Transet Control Equipment 


SCHEDULE C 

BAILEY METER COMPANY 

Multi-Use Electronic Receiver-Controller 

BECKMAN INSTRUMENTS, INC. 

pH Electrodes and Amplifiers 

A. O. BECKMAN, INC. 

Oxygen Analyzers 

e THE BRISTOL COMPANY 
Telemetering Equipment 

e DETECTRON CORPORATION 
Electronic Frequency Counters 

e GENERAL ELECTRIC COMPANY 
Process Instruments 

e LEEDS & NORTHRUP COMPANY 
Electronic Equipment for Process Control 

e MANNING, MAXWELL & MOORE 
Microsen Transmission—Control System 


ELECTIVE 
e AUTOMATIC SWITCH COMPANY 


May be substituted fer one subject in any of the above schedules. 


Please select only one of the above schedules when making application. 


Chairman, 

1955 Instruments Maintenance Clinic 
J. C. GROENEWEGEN 
Shell Chemical Corporation 
Torrence, California 


Chairman, 
Instruments Operation and Maintenance Committee 


J.J. KEEny 
American Cyanamid Company 
Bound Brook, New Jersey 


Advance Registration Required — Turn to Page 275 for Registration Form. 
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Theory, design and applications of analytical 
instruments for both continuous and labora- 
tory methods of process control. Choice of 
six sessions. 


e INSTRUCTION: 
Illustrated lectures, demonstrations, discus- 
sion, descriptive literature. 


e SESSIONS: 
Six three hour sessions: Two each day; one 
each morning from 9 to 12 noon; one each 
afternoon from 2 to 5. Choice of six sessions 
out of the nine scheduled. 


e FEES: 
ADVANCED REGISTRATION REQUIRED. 
$5.00 to members of ISA, ASME, AIEEE, IRE, 
and SCMA; non-members, $7.50. Non-mem- 
bers may apply the surcharge of $2.50 toward 
payment of dues if they enroll as full ISA 
members before October 15, 1955. 

Full registration fee to the Clinic admits the 
registrant to the technical sessions of the Con- 
ference without additional fee. Admission to 
the Exhibit is free. 

If space is available 





single session fee is 


$2.00 to members and students; non-members, 
$3.00. 


ANALYTICAL INSTRUMENTS CLINIC 
Sept. 13, 14, 15, 1955 — Shrine Auditorium, Los Angeles, California 


(1) APPLIED RESEARCH LABORATORIES 
Emission Spectroscopy 


(2) BECKMAN INSTRUMENTS, INC. 


Flow Colorimeter, Spectral Energy Record- 


ing Attachment and 200-Channel Recorder 


(3) CONSOLIDATED ENGINEERING COR- 
PORATION 
Process Refractometer 

(4) GOW-MAC INSTRUMENT COMPANY 
Thermal-Conductivity Gas Analyzers 
and Gas Chromotography 


(5) LEEDS & NORTHRUP COMPANY 
Non-Dispersion Infrared Analyzer 

(6) LISTON-BECKER INSTRUMENT CO., 
INC. 
Positive Type Infrared Analyzer 

(7) MINE SAFETY APPLIANCES COMPANY 
Infrared Analyzer Water Vapor Recorder 
and Thermal Conductivity 


(8) THE OHMART CORPORATION 
Density and Liquid Level—Gamma Gages 


(9) THE PERKIN-ELMER CORPORATION 


Infrared Process Control from Labortory-to- 


Line 


Please select any six of the nine sessions — Circle session numbers on registration card. 


Chairman, 1955 Analytical Instruments Clinic 
EpGar J. Gorr 
Beckman Instruments, Inc. 
Fullerton, California 


Chairman, Analysis Instrumentation Committee 
THOMAS C. WHERRY 
Phillips Petroleum Company 
Bartlesville, Oklahoma 





Advance Registration Required — Turn to Page 275 for Registration Form. 
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COMPUTERS CLINIC 


Sept. 13, 14, 15, 1955 — Shrine Auditorium, Los Angeles, California | 
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e COURSE: 
Capabilities of various types of computers and how 
they can be used in solving plant and laboratory 
problems; process control, engineering calculations, 
data reduction, business data, processing and other 
applications. Principally for engineering and man- 
agement personnel. 


e SUBJECTS: 
Small digital computers, medium-size digital com- 
puters, large-size digital computers, direct analog 
computers, electronic differential analyzers, me- 
chanical analog computers. 


e INSTRUCTION: 
Lectures, discussions, and descriptive literature. 


e SESSIONS: 
Six 2% hour sessions; one each morning and after- 
noon. 


e CLINIC HOURS: 
9 to 11:30 A.M.; 1:30 to 4 P.M. 


e FEES: 
ADVANCE REGISTRATION REQUIRED 
$5.00 to members of ISA, ASME, AIEE, IRE, and 
SCMA: non-members $7.50. Non-members may ap- 
ply the surcharge of $2.50 toward payment of dues 
if they enroll as full ISA members before October 
15, 1955. 
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Chairman 

1955 Computers Clinic 
W. J. ConNNER, JR. 
Minneapolis-Honeywell Regulator Company 
Philadelphia, Pa. 


Chairman 

Data Handling Committee 
JERRY ROEDEL 
Pullman Standard Car Mfg. Company 
Hammond, Ind. 
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Full registration fee to Clinic admits the Registrant 
to the Technical Sessions of the Conference with. 
out additional fee. Admission to the Exhibit is 
free. 


If space is available—single session fee is $2.00 to 
members and students; non-members, $3.00. 


PARTICIPATING COMPANIES AND SUBJECTS 


BURROUGHS RESEARCH CENTER 
Small Digital Computers 
ELECTRODATA CORPORATION 
Medium-Size Digital Computers 
REMINGTON-RAND, INCORPORATED 
Large-Size Digital Computers 
COMPUTER ENGINEERING ASSOCIATES 
Direct Analog Computers 
ELECTRONIC ASSOCIATES 
Electronic Differential Analyzers 
LIBRASCOPE, INCORPORATED 
Mechanical Analog Computers 
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N UNUSUAL ONE-DAY WORKSHOP on data handling 


ant A will be held Thursday, September 15, 1955 at the 
ith- University of Southern California as part of the program of 
is Isa’s 10th Annual Instrument-Automation Conference and 


| yxhibit in Los Angeles. Eight subjects of particular inter- 
est have been chosen to form the basis of eight “bull” 
. sessions to be held simultaneously. Each discussion session 
will be in a separate room under the leadership of an expert 
in the field. The objective will be to provide a high level ex- 
change of technical information on a very informal basis. 
Each discussion group will be limited to about twenty reg- 
istrants to permit maximum participation. Registrants will 
be free to rotate among any of the eight workshop groups 
' gecording to their preferred interests, to stay with one ses- 
s sion all day 


e OSCILLOGRAPHIC AND PHOTOPANEL DATA 
1, What accuracy can one really expect from oscillo- 
graphic data? 
2, What does a point of reduced dial film really cost? 
| @PHOTOGRAPHIC DATA — BALLISTIC FILMS, ETC. 
1, Accuracy vs. speed—where is the optimum? 
2. Is 70mm. film on its way in? 
e TRANSMISSION OF DATA 
1, Which telemetry system is winning and why? 
2. What is telemetry’s weakest point? 
e MAGNETIC STORAGE SYSTEMS 
1, When should the oscillograph yield to the magnetic 
tape? 
2. Analog or digital magnetic storage? When and why? 

















Typical of the papers to be preprinted are: “Factors 
» Which Contribute to the Practical Limits of Resolution of 
_ Galvanometer-Oscillograph Data” by Glen Sanderson, Chief 
Plight Test Services, Lockheed Aircraft Corp. 

_. “Optical and Electrical Characteristics of NE-2 Lamps 
“Sse as Timing Markers for Film Record Data” by Don 
ng Project Engineer, Electronic Engineering Co., Cali- 


x Confirmed registration in advance is a condition of par- 
/ Meipation, The fee for members of ISA, ASME, IRE, AIEE, 
> M4 SCMA is $5.00; for non-members $7.50. This fee will 

include copies of the preprinted papers and will also admit 
 Méistrants to the Technical Sessions of the Conference. 


‘gal 


an, 
8 Data Handling Workshop 
BrRnary S, Benson 


n-Lehner Corporation 
Los Angeles, California 


DATA HANDLING WORKSHOP 


University of Southern California — September 15, 1955 


Selected papers on the seminar subject matter will be pre- 
printed and made available to the registrants, to omit the 
necessity for oral presentation. Since the emphasis will be 
on the interchange of experiences and ideas, the papers will 
serve the registrants merely as starting points for their 
discussions. 

A secretary in each group will record significant parts of the 
discussions which, together with the papers, will be pub- 
lished later as ISA Proceedings of the Data Handling 
Workshop. 


The subjects of the eight bull-sessions and a few typical 
questions to be chewed over by the registrants are as fol- 
lows: 


e ANALOG TO DIGITAL CONVERTERS 
1. Can airborne units be relied upon? 
2. What has been learned about ADS'’s in the last year? 
e FULLY AUTOMATIC DATA REDUCTION SYSTEMS 
1. What happens when we unplug the human being? 
2. Should the system discriminate? 
e DATA REDUCTION SYSTEMS OF 1960 — REQUIRE- 
MENTS AND POSSIBILITIES 
1. Will we return to simplicity? 
2. Can this scramble for data continue? 


e PRESENTATION OF DATA FOR HUMAN .CON- 
SUMPTION 
1. To tabulate or plot? 
2. A cure for data indigestion ? 


Copies of the Workshop Proceedings, to be published later, 
will be sold to registrants at an additional charge of $3.50; 
and at $5.00 to others. 

To assure the widest range of experiences among the par- 
ticipants and to maintain the small size of the groups, appli- 
cations for registration in the Data Handling Workshop will 
be subject to confirmation by the ISA National Office. If 
the limit of the size of the discussion groups is exceeded by 
the advance registration, opportunity to register as auditors 
will be offered to those who wish to do so. An application 
form appears on page 278 of this issue of the ISA Journal. 
Additional information may be obtained by writing Dan W. 
Patterson, Benson-Lehner Corporation, 2340 Sawtelle Blvd., 
Los Angeles 64, California, phone BRadshaw 2-1197. 


Chairman, 
Data Handling Committee 


JERRY ROEDEL 
Pullman Standard Car Mfg. Company 
Hammond, Indiana 


Advance Registration Required — Turn to Page 278 for Registration Form. 
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SOCIAL EVENTS & LADIES PROGRAM | 


Hello Ladies 


ELCOME TO THE CITY OF ANGELS. The 

nation’s entertainment capital is prepared to 
roll out the red carpet, offering you an opportunity to 
enjoy many of its pleasures, both natural and man- 
made. 


Although the Ladies Program Committee of the ISA 
has spent months in planning this program and 
anticipating your desires, you may supplement these 
offerings with other group activities. Such arrange- 
ments can be made when you get here. The planned 
program is listed below. 


The Ladies’ Headquarters, located at the Statler 
Hotel, will be staffed with hostesses between 8:30 A.M. 
and 5:30 P.M., September 12th through 16th. The 
hearts and hands of the Ladies Committee will be 
waiting to serve you with information, directions, 
Western hospitality and a happy time. Please fill out 
the Advance Registration form (see page 278) and 
send it to me so that I will know you will be with us. 
Martha M. Nolte, Ladies Committee Chairman. 


Monday, Sept. 12 


REGISTRATION 9:30 A.M. to 5:00 P.M. 

All ladies are invited to register at Ladies Head- 
quarters, Pacific Room, Statler Hotel. There will be 
a registration fee of $2.00. Refreshments will be 
served all day, and there will be a door prize drawing 
every hour. Beginning Tuesday, there will be a door 
prize drawing each day at 4:00 P.M. You must be 
present to win. 


Tickets for the tours will be available at time of 
registration and your early purchase will assure of 
obtaining the tours of your choice. All pre-arranged 
tours will leave from the Statler Hotel. Information 
regarding other tours, meps, church information and 
special services will be available at the information 
desks. 


Tuesday, Sept. 13 


9:00 A.M. Bus leaves Statler Hotel for 
BRUNCH FASHION SHOW at Bullock’s then to 
HUNTINGTON LIBRARY 
Priceless art treasures, manuscripts, furniture 
and other articles of lasting interest. The tropi- 
cal garden and cactus garden are worthwhile too. 


3:00 P.M. Bus returns to Statler Hotel 
Tickets (include brunch) .. . approximately $4.00 


4:00 P.M. Door prize drawing at Statler Hotel 





Don’t miss the boat to Catalina! 


4:00 P.M. Door prize drawing. 


—— 


Wednesday, Sept. 14 

9:00 A.M. Bus leaves Statler Hotel for i 

SAINT SOPHIA’S CATHEDRAL 

The most beautiful cathedral of its kind 

CBS STUDIOS 

Art Linkletter’s Program (100 tickets reserved) 
FARMERS MARKET—Lunch 

You will want to brouse here 
2:00 P.M. Bus returns to Statler Hotel 

Tickets (lunch not included) .. . $2.21 
4:00 P.M. Door prize drawing 
7:30 P.M. ISA Annual Banquet 


Thursday, Sept. 15 

10:00 A.M. Bus leaves Statler for 
DISNEYLAND 
The man-made fairy land. You'll have lunch, 
KNOTTS BERRY FARM AND GHOST TOWN 
There will be time to explore a little before we 
join our husbands for dinner here. 

8:00 P.M. Bus returns to Statler 


Tickets (meals not included) ... approx. $5.00, 


Friday, Sept. 16 


8:30 A.M. Bus leaves Statler for 


FOREST LAWN MEMORIAL PARK 

The Lord’s Supper stained glass window and the 

painting of the Crucifixion are inspiring sights, 

with its specially built housing. 

11:30 A.M. Bus returns to the Statler Hotel 

Tickets ... approximately $2.55 

A trip to CATALINA ISLAND has been planned 

for your post convention pleasure. Ask at the 

information desk, if you are interested in this 

trip. 


ISA Annual Banquet 


HE ISA ANNUAL BANQUET this year will 
affair for all ISA members, members of part 
societies, exhibitors’ staff members, and guests. 
be the one big social event of the Conference 
Banquet is the occasion for the traditional 
officership and will be combined with “lavish 
ment” and good fellowship. : 
The Banquet at Frank Sennes’ worldfamou I 5 
Rouge on Sunset Boulevard in the heart of fabulous 5 
wood offers you an evening long to be remembered, 
ise—there will be a minimum of speeches—but, & r 
mum of entertainment! Dress is optional. 


Wednesday, September 14, 7:30 P.M. 

You will see a spectacular presentation on this fs 
stage. You may enjoy cocktails and an 
You may dance to the fine music of two of © 
best orchestras . . . and, all for $10 per person! 
cludes tax and gratuities.) The Moulin Rouge ™™ 
ment promises an entirely new stage show and We ® 
the first to see and enjoy it. 
Reservations 

Demands for tickets are expected to exceed the 
Rouge capacity. You are urged to make rese 
early as possible. For your convenience ..- 
the coupon on Page 278 and mail it with ae 
Chairman Fred G. Carter, today! 
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HOM . 
MSA MEMBERS 





COMBINE VACATION PLANS WITH CONFERENCE ATTENDS 





lt all 60.60.60! 


Wie (0¢h éxnuat INSTRUMENT-AUTOMATION CONFERENCE 
AND EXHIBIT Sércwe Exposction Hall, Los Augeles 


SEPT. 12-16,1955 


i... you choose to go... go toCALIFORNIA cx Scescember/ 


REMEMBER—Mr. ISA Member—This is YOUR show. Its success depends on YOU. 
Encourage every instrument man you know—maker or user—to attend 
YOU hold the key to the most outstanding event in the industry. 








E ibit or Hotel Reservations — Contact, Fred J. Tabery, Exhibit Manager 
443 So. Hill St., Los Angeles 7, California — Phone Richland 9-1091 











Application for Registration 
1955 DATA HANDLING WORKSHOP 


University of Southern California, Los Angeles, California, 


September 15, 1955 
Please print the information below and return this form to: 


Dan W. Patterson, Benson-Lehner Corporation, 2340 Saw- 
telle Blvd., Los Angeles 64, California 

Name — ‘ a 

Street _ City . Zone— State_ 
OS a a Title a 
Member of ISA, ASME, AIEE, IRE, SCMA, NON-MEMBER 
(circle each) 


Registration Fee: Members of ISA and Cooperating Societies 
$5.00; Non-Members $7.50. 


Amount Enclosed $———___ _ Date ; 
(Make checks payable to Instrument Society of America) 


Advance Registration 
ISA Annual Banquet 


Wednesday, September 4, 1955 
Moulin Rouge, Los Angeles 


Please reserve___ _____tickets for the ISA Annual Banquet to be held 
Wednesday Evening, Sept. 14th at the Moulin cone at $10 per person. 
Enereeee 6 ww checn for SL 

PLEASE MAKE CHECKS PAYABLE TO: 

MR. FRED G. CARTER, Chairman ISA Annual Banquet 

3443 So. Hill St., Los Angeles 7, California 








Reservations for_______guests (including myself) are to be made in my name: 
NAME Le a ee a 
ea See a aaeen aaeant 
IE ae ae ee ZONE STATE 


Advance Registeration for Social Events and Ladies Program Activities 


10th Annual ISA Instrument-Automation Conference & Exhibit 


MAIL TO: MRS. CLAUDE B. NOLTE, 1031 S. Pasadena Ave., Pasadena 2, California 
I plan to attend the events checked. Please make all necessary reservations for me [_] and 


my husband [| and _ guests. 


. Registration—Reception Thursday, 
Fashion Show—Huntington Library 


{Saint Sophia's Cathedral 
1CBS Studios—Farmers Market 


Monday, September 12 
Tuesday, September 13 
Wednesday, September 14. 


Wire: 

HUSBAND_____ as - 
ADDRESS ° -- -Sneee 
3 aes : a 


September 15. 


Friday, September 16.. 
Saturday, September 17. 





Indicate Preferences Numerically 
Oscillographic and 
Photopanel Data 
Photographic Data 
Transmission of Data 
Magnetic Storage Systems 
Analog to Digital Converters 
Fully Automatic Data 


Reduction Systems 





Data Reduction Systems 
of 1960 - 


Presentation of Data for 
Human Consumption 


NOTE: Attendance is limited to 
those who receive confirmed regis- 
trations. Applicants who cannot be 
accommodated as discussion partici- 
pants, may attend as auditors to 
the extent that room space permits 
or may have their fees returned. 
Please signify your wishes. 

| will _will not 
registration as an auditor. 


accept 
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PLANT TOURS 





At the Computer Engineering Associates plant, located 
in Pasadena, ISA visitors will be interested in seeing the 
Passive Element Analog Computer on display there. This 
computer, as far as it is known, is the largest of its type 
in the world, and contains 152 transformers, 100 inductors, 
80 capacitors, 256 resistors as passive elements and 36 
amplifiers as active elements for use in differential analy- 
zer fashion. 


Also in operation at this plant (shown above) is another 
type of Analog Computer designed for steady state and 
transient thermal studies. Electronic equipment is used 
here to generate input functions. 


The Beckman Instruments plant in Fullerton, California 
which will weleome ISA visitors, has the distinction of hav- 
ing been selected from 500 plant-of-the-year candidates to 
Teeelve Factory magazine’s 1955 award as one of “Ameri- 
8310 top plants”—the only instrument manufacturer to 
be so honored. 

In addition to corporate offices, (shown above) the com- 
pany’s Fullerton facilities include research and production 
operations where interesting and unusual techniques re- 
quired for making Beckman instruments can be observed, 
such as welding wires smaller than a hair to gold sheet 
only 10 millionth’s of an inch thick. 

Visitors will be able to inspect the development and ap- 
Meation-engineering laboratories and to see the manufac- 
- oped and testing of many instruments for scien- 
} dew industrial use. There will be demonstrations of 
leche t of instruments selected from the broad line on 
_ lan analytical equipment which includes ratio-record- 
ng Spectrophotometers, infrared spectrophotometers, 
“ime photometers and data handling equipment. Certain 
astruments made in other divisions of Beckman Instru- 
Metts will be on display. 


woo are currently being readied for tours to Cali- 
fornia industrial plants during the Tenth Annual Instru- 
ment-Automation Conference and Exhibit to be held in Los 
Angeles, September 12-16. 

Visiting the ElectroData Corporation, members will be 
among the first to see its huge glass-enclosed computing 
counter. A complete DATATRON electronic data-process- 
ing machine is on 24-hour duty there running business and 
engineering problems for companies all over the world. 

During the tour, actual problems will be executed by 
DATATRON to demonstrate its flexibility in handling 
billions of numbers faster than humans can add two-and- 
two. 

For those interested in process instrumentation, the 
excursion to Richfield Refinery, Richfield Oil Corporation, 
should be one of the more popular trips. 

The latest graphic panel instrumentation methods are 
used in this plant with one board in the TCC unit being 75 
feet in length. The spacious refinery, which covers 546 
acres, produces a complete line of petroleum products from 
115,000 barrels per day of crude oil. 

The trip to Lever Brothers Company should be of inter- 
est to the ladies as well as to the more technical side of the 
family. Opened in 1951, the Lever Brothers plant in L. A. 
produces soap, detergent and shortening for distribution 
over the entire western part of the country. Automatic 
control and instrumentation are important features there. 

The North American Aviation, Inc., main plant at Inter- 
national Airport, Los Angeles, is the headquarters for 
production of the F86 Sabre Jet and F100 Super Sabre. 
The Super Sabre holds world speed record of 755.149 miles 
per hour and is the first Air Force plane to operate faster 
than speed of sound in level and in climbing flight. 

The Los Angeles plant includes Supersonic and Sub- 
sonic Wind Tunnels, Altitude Test Chambers and Thermo- 
dynamics Laboratory for research in temperature, flow and 
pressure phenomena. 

Visitors at Consolidated Engineering Corporation will 
be able to view first hand the company’s dynamic testing, 
recording and processing instruments, as well as its analy- 
tical and control instruments which measure and identify 
the molecular content of complex liquid and gaseous mix- 
tures. 

Also at the Consolidated plant will be seen a mobile, 
cycloidal-focusing mass spectrometer (below) which has 
been heralded as one of the most momentous advances in 
the history of spectrometry. It was introduced in 1954. 
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ISA Executive Board Reports June Meeting in Los Angeles 


On June 25 the Executive Board 
changed its meeting locale from Pitts- 
burgh to Los Angeles. It was so 
planned to give the Board members a 
first-hand observation of the plans and 
progress made by Exhibit Manager, 
Fred Tabery and Host Committee 
Chairman, Arnold Beckman. 


Most of the members of the Board 
arrived a few days earlier than the 
meeting day. Some helped in the or- 
ganization meeting of the new Mojave 
Desert Section. Some attended the 
meeting of the entire Los Angeles Host 
Committee and participated in the dis- 
cussions relative to the many arrange- 
ments being made to welcome and en- 
tertain those coming to the Conference 
and Exhibit. 


On Friday, June 24, Fred Tabery 
held a reception for the press at his 


Del Little Now Section Chief at 
White Sands Proving Grounds 


National Vice President Delmas C. 
Little, in charge of the ISA National 
Technical Committees Division, is now 
located at the 
White Sands 
7 2re@ ¥ i ee 
Grounds, New 
Mexico. He is 
Section Chief of 
the Special 
Weapons Sec- 
tion, Warhead 
Branch, and is 
responsible for 
the “business 
end” of various 
types of rockets 
being developed 
and tested by the Department of De- 
fense. 


Delmas C. Little 


Mr. Little was formerly associated 
with the Army Medical Research Cen- 
ter, at Fort Knox, Kentucky, where he 
was in charge of instrumentation in 
various research phases since Novem- 
ber 1945. Previously he was in charge 
of maintenance of special equipment 
for the U. S. Army Signal Corps at 
Fort Knox. He has served ISA in 
many offices, including President of 
the Louisville Section. In 1950 he was 
appointed Chairman of the Testing In- 
strumentation Committee, and was 
elected National Vice President in 
1953. “Del” is a graduate of the Uni- 
versity of Louisville where he received 
his B.S. in Physics. He taught ele- 
mentary electronics in the University’s 
Physics Department. 
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home. The Executive Board and Los 
Angeles Host Committee joined with a 
large group of press representatives 
from national and local business and 
technical journals to help publicize the 
ISA Conference and Exhibit. Press 
releases on the many features of this 
event were furnished the journalists. 
A unique feature was the appearance 
of the 1955 Instrument Girl, all dressed 
up with meters, recorders, and other 
electronic devices. To further combine 
business with pleasure, Fred Tabery’s 
outdoor reception was also the scene 
of a special meeting between the Exec- 
utive Committee of the Los Angeles 
Section and the National Executive 
Board. This full preliminary program 
was climaxed by an all day meeting of 
the Executive Board at the Statler 
Hotel on Saturday where it took action 
on the long list of agenda items. 


Three New ISA Sections 
Will Receive Charters 


Three new Section charters were 
authorized recently by the Executive 
Board increasing the number of ISA 
Sections to 76. The new Sections are 
Pensacola, Mojave Desert, and Rich- 
mond-Hopewell. 

A few additional groups are actively 
in the process of formation and there 
is a strong liklihood that the roster of 
Sections will reach the 80 mark before 
the fiscal year ends. The new Pensa- 
cola Section filed 39 new members and 
one associate plus eight transfers. The 
Richmond-Hopewell Section entered 30 
new full members and 10 transfers. 

The Mojave Desert Section topped 
the new entries with 58 full members 
and one associate. Those active in 
the formation of the new groups were: 
B. E. Oldfield, D. W. Button and D. H. 
Luxton at Mojave Desert; B. P. White, 
A. W. Leftwich, F. C. Hasselberg, Jr., 
at Richmond-Hopewell and J. A. Marts 
and W. H. Matthews at Pensacola. 


Two Important Dates 
To Remember 


ISA MEMBERS’ MEETING 


Tuesday, September 13, 1955 
2:00 P.M. 
Hotel Statler—Golden State Room 


ISA COUNCIL MEETING 


Tuesday, September 13, 1955 
4:00 P.M. 
Hotel Statler—Golden State Room 








FUTURE ISA MEETIN 
Sept. 12-16, 1955 Gs 
Instrument-Automation Conference and Ey. 
hibit, Shrine Auditorium and Convention Rall, 
Los Angeles, Calif. 

October 28-29, 1955 

1955 Symposium on ‘Automatic Contro] 
—Electronic or Pneumatic?”, Philadelphis 
Section, Penn Sherwood Hotel, Philadelphi, 
Pa. 

November 14-16, 1955 

Eighth Annual Conference on Electrical Ted, 
niques in Medicine and Biology sponsored by 
AIEE, IRE and ISA. Shoreham Hotel, Wash. 
ington, D.C. 


Alex M. Wayne Leads 


Membership Drive 
Alex M. Wayne of the Northern Cali 








fornia Section is still nosing out Dayii | 


M. Boyd of the Chicago Section in the 
current membership campaign. Ale 
now has 31 members and Dave 2. 
Since the June issue of the ISA Jow. 
nal 14 more members 
tained three new ISA members and ate 
eligible for the membership awards 
Winner of the free trip to Los Angele 
will be announced in August issue of 
the JSA Journal. The trip will be via 
United Airlines. 

Don’t forget that the contest cor 
tinues until November 30, 1955 for the 
Swagelok Awards. The ISA member 
who secures the most members at this 
time will win a beautiful mink * 
for the lady in his life. Seceud prix 
winner will receive a Minox camer 
and light meter. 

AS OF JUNE 27, 1955 
Alex M. Wayne ....Northern California 4 


David M. Boyd, Jr. ..Chicago ........... 
OS. J. Shenae ..... New York ..........1 
A. A. Ar terson .Los Angeles ... " 


Lloyd A. esormeaux Sabine Neches ..... 
Roger U. Stan‘ey ...Northern California .. 
Frank K. Briggs ....Pittsburgh .......... 
Leo H. Antos ...... Eastern New York ... 
R. A. Hutcheon New York .......:: 
Kenneth Lea .......Columbus oe 
R. W. Boettiger ....New Jersey ....---: 
G. P. Rucker . .Los Angeles ......:: 


Whitney B. Miller . Louisville ........- 
Warren S. Jones . New Jersey .....--- 
Joseph H. Bertram Boston 


Wm. A. Cosgroves ..Los Angeles 
Milton M. McMillen. Cleveland : 
Chalmer E. Jones Los Angeles ....-.- 
M. L. Freudenthal North Texas ...-- 
L. E. Reynolds Permian Basin ...-- 
Paul Giesler ....Fox River Valley ..-: 
Peter B. Giordano _Niagara Frontier ..-: 
John A. Marts Pensacola vee 
J. J. Ghiglia ; New Jersey ..----* 
Robert L. Galley _,Los Angeles ...-. 
Robert W. Fulwider .Los Angeles ....::"' 
David J. Fair .......North Texas ...--" 
Bernard J. Alberts Wichita .....-:::°" 
W. H. Shellenberger.New Jersey .--- 

_ Boston .....-+++09"" 


G. W. Engler .... 

Howard N. Nelson ..Los Angeles ...-::"' 
W. A. Wildhack ....Washington 

F. M. Rutledge .....Birmingham ..--:: 
Charles J. Levis ....Niagara Frontier .-- 
S. Hodnett ., .Oak Ridge ...---°*"" 
Lars N. Anderson ...Boston ....--+:*""" 
James A. Ford ..... Boston .....-++°*""" 
Y. Wayne Miller . Philadelphia 

E. Ross Forman .... . Philadelphia 
F. W. Horton ... Ark-La-Tex ...-09°" 
Clifford C. Barber .. . Niagara Frontier ..-- 
a ME cvcacceus Wilmington ...--"° 
Leroy W. Crookes . Eastern New York .-- 
Re ie ED oc occas Cleveland veer 
Sk eer New Jersey ..--:"""' 


R. Warfield ........ New Jersey ...--'"" 
Bernard Wechsler ..New Jersey .---:'"" 
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HILE MY WORK for the Los 
W angeles Conference and Exhibit 
is far from being completed, this is the 
time ISA must start planning for the 
1956 event. New York City will be the 
scene of ISA’s Eleventh Annual Con- 
ference and Exhibit, September 17-21, 
1956. We will be among the early oc- 
cupants of the new, ultra-modern, 
Coliseum which is now under construc- 
tion and which is expected to be fin- 
ished next April. 


We will use the first two floors of 
this mammoth exhibition hall. The 
gross space We are renting is about 
150,000 sq ft which will yield approxi- 
mately 70,000 sq ft of rextable booth 
space. Predictions already indicate 
a sell-out, even at the slightly higher 
rates we must charge in view of the 
terrifically high cost of renting the 
Coliseum. Of course, these facilities 
have always been higher in New York 
City and in view of the fact that the 
new Coliseum will be fully air-con- 
ditioned and will have especially at- 
tractive features for servicing exhi- 
bitors, the higher premium was prob- 
ably to be expected. 


We expect to make this Conference 
and Exhibit the biggest and best ever 
conducted by ISA. The extra-curric- 
ular activities are equally ambitious. 
To assure the realization of our ex- 
pectations, we are happy to report that 
the New York and New Jersey Sections 
will jointly host this Conference and 
Exhibit. 


Rental of exhibit halls, in order to 
secure the traditional September dates 
for the ISA, have to be made in ad- 
vance, aS you can readily understand. 
You may therefore be interested in 
knowing that Cleveland is our locale 
for 1957. Detroit was to be the 1958 
ISA selection, but that city has ad- 
vised us that they will not have an 
exposition hall large enough to take 
care of us by that time. Hence, your 
Executive Board, together with the 
Exhibitors Advisory Committee, are 
— a substitute location in 


Well, so much for my long-range 
Problems. Let’s get back to Los 
Angeles and may I remind you that 
you will witness an extraordinary Ex- 
hibit and Conference if you get out 
a for the week of September 12-16, 


Work on your boss, your bank, your 
relatives, or anyone else who can 
facilitate your attending — just make 
up your mind to go west. I will look 
for you there during the Show. 


Bill Kickniek 


July 1955 


Membership drive report 


By Frank G. Tatnall 


Chairman, Sections and Membership Committee 


ASTERN DISTRICT Chairmen met 

on June 16th at my farm in Center 
Square, Pennsylvania to organize their 
efforts for the Fall activities of the 
Sections and Membership Committee. 
Attending were Tom Waldrop, Bob 
Kinney, Pete Slavish, Al Shore, and 
John Hillen. President Brand and 
Executive Director Kushnick also met 
with the group. 


It was an all-day session with ani- 
mated discussion on many subjects. 
The functions of the District Chair- 
men were clearly defined. They are to 
represent the national organization in 
all their contacts with the Sections. 
Their aim is to help make all Section 
activities and programs of such great 
interest that every member will retain 
his ISA affiliation, and that new mem- 
bers will join voluntarily. To give 
proper status to the District Chairmen, 
it was agreed that President Brand 
would write the Section officers about 
their appointment and work. 


The Sections which had been allo- 
cated to each District Chairman were 
reviewed. In some areas the territory 
to be covered is so extensive that there 
was common agreement that these 
Chairmen could select individuals to 
assist them in covering the Sections 
in their district. This arrangement 
was particularly necessary for the plan 
of having each District Chairman visit 
each Section twice each year. It was 
also agreed that each Section should 
have its District Chairman as one of 
the speakers on the program for one 
of the meetings. 


The group then discussed the fea- 
tures of a Section’s program which 
would maintain high interest for old 
and new members. Stress was placed 
on the calibre of the speakers aid the 
selection of subject matter which met 
the diverse interests of the Section 
membership. The need for occasion- 
ally departing from technical topics to 
bring into play more popular subjects 
was fully aired. More sociability was 


also a key suggestion for making ISA 
fellowship a reality rather than a hope. 
This led, naturally, to the need for 
appropriately handling speakers prior 
to the meeting, during the program 
and even after the meeting. So many 
details were discussed for strengthen- 
ing Section activities that it was 
agreed to try to put out a guide of 
things to do so that Sections could 
use this as a check-list in planning 
and conducting their programs. 

The District Chairmen went over the 
statistics of the current membership 
campaign. It was found that many 
small Sections were losing members 
at a fast rate. Each District Chairman 
plans to work closely with these Sec- 
tions to help bring them back into the 
plus column of net membership in- 
crease. Several new Sections were re- 
ported as in process of formation. 
Pensacola had already filed its petition. 
Richmond-Hopewell, Chattanooga and 
Edwards Air Force Base are about 
ready to petition. Connecticut, Scran- 
ton, San Diego, Oklahoma City and 
San Antonio will probably be organ- 
ized early next fall. 

It is difficult to put into words the 
enthusiasm of this group of District 
Chairmen. They recognize the impor- 
tance of their own committee respon- 
sibilities and are willing to give of 
their time and experience to make our 
Society an organization in which in- 
strument people will seek membership 
rather than have to be “driven” into 
joining; accordingly, they recom- 
mended that all efforts be focused on 
making the Section programs more at- 
tractive and that prizes no longer be 
offered to induce enrollment. 

The success of this meeting was so 
outstanding that I am hurrying to 
shape up the next meeting for the Dis- 
trict Chairmen from the central part 
of the United States. St. Louis will 
probably be the place, sometime in 
July. I will be writing each one very 
soon to settle on a mutually conven- 
ient meeting date. 








x a 
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SYMPOSIUM PLANNERS for the Phila- 
delphia Section’s Symposium on ‘“‘Auto- 
matic Control Loops—Electronic or Pneu- 
matic?”’, slated for October 28-29 in 
Philadelphia. Facing the camera (left to 
right) are: Horace Richter, Werner Jung 
and Shelby Jones. In the foreground (left 
to right) are: John Deaderick, Clifford 
Ives and Symposium Committee Chairman 
George Ehly. 


United Air Lines Official 


ISA Carrier; Low Fares 


United Air Lines, designated the 
official ISA airline for members and 
exhibitors’ personnel going to Los 
Angeles for the ISA Conference and 
Exhibit, have released information on 
fares from several major points. Where 
United does not operate, they will 
handle reservations for all connecting 
lines. United will also maintain a 
ticket and information booth at the 
ISA Show. 


Some typical one-way fares to Los 
Angeles are (without 10% Federal 
tax): Houston $67.80; Chicago $76; 
Kansas City $68; Denver $43; Cleve- 
land $90; New York $99; Philadelphia 
$98: and Pittsburgh $96. Round-trip 
first class, discount 5%. 
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MORE THAN 1200 visitors turned out for the first local Instrument Exhibit sponsored 


by the Niagara Frontier Section in Buffalo on May 21 and 23. 
Over 130 sales engineers and manufacturers’ representa- 
48 exhibitors filled booths at the show which was held at the 


and exhibits are shown above. 
tives were present. 
Erie County Technical Institute in Buffalo. 


Some of the visitors 


Conference on Electrical Techniques in Medicine and Biology 


AIEE, IRE and ISA will jointly 
sponsor the Eighth Annual Conference 
on Electrical Techniques in Medicine 
and Biology, November 14-16, 1955, at 
the Shoreham Hotel, Washington, 
D. C. The program will include sym- 
posia on Audiology and Angiocardio- 
graphy. 

A third symposium will be devoted 


to various papers on medical instru- 
mentation. 
The afternoons of the three days 


will be devoted to field trips to the 


Standards Engineers to Meet 
Sept. 29-Oct. 1 in Hartford 


Awards to outstanding engineers 
who have contributed to the develop- 
ment and use of standards will be one 
of the highlights of the Fourth Annual 
Meeting of the Standards Engineers 
Society in Hartford, Conn., Sept. 29- 
Oct. 1. 

Sessions on “What’s the Future of 
Standards?” and the “National 
Strength Related to Standardization”’ 
will also be featured in the three-day 
event. A series of panel discussions on 
subjects of interest to standards en- 
gineers will also be featured. 


Deadline for notices for the meetings 
Digest Page is the tenth of the month 
preceding month of publication. 
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National Institutes of Health and the 
Naval Medical Research Institute of 
the National Naval Medical Center, 
both in Md., and the U. S. 
National Bureau of Standards. 

The Washington Sections of AIEE, 
IRE and ISA will select 
rangements committee and chairman. 
No equipment exhibits of manufac- 
Contact Edward C. 
Road, Silver 


Sethesda, 
the local ar- 


turers is planned. 
Lloyd, 2105 Spencer 
Spring, Md. 


Joint Lubrication Conference 
By ASME, ASLE in October 


The Second Joint 
ference sponsored by the Lubrication 
Activity Committee of the American 
Society of Mechanical Engineers and 
the American Society of Lubrication 
Engineers has been set for October 
10-12 at the Antlers Hotel in Indianap- 
olis, Ind. 


Lubrication Con- 


This Conference will be open to all 
members of both the ASME, the ASLE 
and guests. For further information 
write D. F. Wilcock, General Electric 
Co., General Engineering Laboratory, 
1 River Road, Schenectady, N. Y., or 
the American Society of Lubrication 
Engineers, 84 E. Randolf St., Chicago 
L, 3a. 





John Harvell Named Chairma 
Subcommittee Instrumentation 
And Measurement Below 80 


H. F. Rondeau, Chairman, Teg 
Instrumentation Committee (D4) has 
announced the appointment of Johny 
Harvell ag chair. 
man of the Sy 
committee fg» 
Instrumentatign 
and Measure 
ment Belgy 
80K, to suecea 
Cc. Lin COln 
Jewett why 
Served so Well js 
chairman unt 
a change in bis 
work. He wasy 
member of the 
Boston Section, 

Mr. Harvell is in charge of sales @ 
gineering for the Mechanical Divisig 
of Arthur D. Little, Inc., industrial » 
search and consulting organization jp 
Cambridge, Mass. His work include 
market research for newly developed 
scientific apparatus as_ engineering 
consulting services, and he is partie 


John T. Harvell 


ularly concerned with equipment 
which operates at extreme low te 
peratures. 

After receiving his B.S. degree in 


Electrical Engineering at M.LT, Mr. 
Harvell completed the _ engineering 
management training program at Ge 
eral Electric Company. During his 
four years with G.E., he also was @ 
gaged in instrument design and tet 
engineering of a variety of equipment, 
including power-switch gears, electric 
computers, and large motors and ge 
erators. 


IRE Group Plans Oak Ridge 
Tours in September Meeting 


The Second National Annual Met 
ing of the Institute of Radio Engineet 
Professional Group on Nuclear Scient 
(PGNS) will be held in Oak Ridge 
Tennessee, September 14, 15 and I 
1955, with the Oak Ridge Chapter ® 
host. 


Plans are being made for the pl 
gram to include tours of the Oak Ridg 
National Laboratory, Oak Ridge Inst 
tute of Nuclear Studies facilities 
American Museum of Atomic Energy 
and Abbott Pharmaceutical Labor 
tories (radioactive products). United 
States citizenship will be required @ 
the ORNL tour. Because of limited 
housing facilities in Oak Ridge, oil 
those persons submitting advance reg 
istration by mail no later than Augus 
22, 1955 can be guaranteed housilié 
Hotels and motels are available ® 
Knoxville (25 miles) and in adjacél 
towns. 

For information write—Dr. H. B 
santa, Papers Committee, Oak Ridge 
National Laboratory, P. 0. Bo P, 
Oak Ridge, Tennessee. 
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ALAN BRECKENRIDGE, factory service manager for Moore Products, Philadelphia, con- 
ducts the second in a series of clinics recently completed in the Houston Section. Mr. 
Breckenridge gave a presentation of service information and techniques applicable to 


his company’s instruments used in pneumatic transmission and control. 


The subject 


of the clinics was “Instruments Used for Pneumatic Transmission and Control” 


Third Annual Houston _Clinic 
Features Transmission, Control 


The enterprising Houston Section 
recently completed its third series of 
Instrument Mechanics’ Maintenance 
Clinics, which have been an annual 
function of the Section for the past 
several years. 


The subject of this year’s clinics was 
“Instruments Used for Pneumatic 
Transmission and Control.” Given 
free-of-charge, the clinics are designed 
to give experienced instrument me- 
chanics factual service information 
that could be of immediate use in their 
daily work. The clinics were con- 
ducted on succeeding evenings in four 
areas surrounding the Houston terri- 
tory; Freeport, Texas City, Baytown 
and Pasadena. 


The first of the recent series was 
held during the week of April 11, and 
was conducted by R. H. Hemfelt, 
regional engineer from The Foxboro 
Company’s Dallas office. Mr. Hemfelt 
gave a presentation of service informa- 
tion and techniques applicable to Fox- 
boro’s instruments used in pneumatic 
transmission and control. 


During the week of May 9, Alan 
Breckenridge, factory service manager 
for the Moore Products Company, 
Philadelphia, gave a similar presenta- 


tion as applied to Moore Products’ in- 
struments. 


Both of these clinics were enthusias- 
Sng received in all four areas in 

ch they were conducted. Each 
= consisted of a three-hour lec- 
fe and demonstration, with time 


rns for a question and answer 
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R. H. HEMFELT (above) regional engi- 
neer for The Foxboro Company's Dallas 
Office conducted the first of a current 
series of Instrument Mechanics’ Maint- 
enance Clinics sponsored by the Houston 


Section. He gave a presentation of ser- 
vice information and techniques applica- 
ble to Foxboro’s instruments used in 
pneumatic transmission and control 


At the May 23 meeting of the Hous- 
ton Section, James L. Nygaard, of 
Texas Instruments, Inc., gave a talk on 
“Transistors for Instrumentation.” 
His talk emphasized the application of 
transistors rather than their theory of 
operation. 

Also the Houston Section proposed 
an amendment to an article of its Con- 
stitution to include a fifth permanent 
committee in addition to the Program, 
Membership, Constitution and Public- 
ity Committees. This new group would 
be known as the Educational Commit- 
tee. 

It would have charge of Section mat- 
ters concerning the educational and 
training activities of the Section, sub- 
ject to approval of the local Board of 
Directors.—R. E. Hansen. 


SECTION CORRESPONDENTS 
are invited to submit Section 
News to the Managing Editor, 
National Office. DEADLINE 
is 10th of month preceding 
month of publication. Clear 
glossy photos of “action” news 
are desired with identifications. 


New Jersey Installs Officers; 
Membership Count Now 503 


Nathan Bartleson climaxed a suc- 
cessful year for the New Jersey Sec- 
tion when he stepped down as Section 
President and handed over the gavel 
to George Gale, newly elected Presi- 
dent, at a meeting on May 3. 


During Mr. Bartleson’s tenure the 
membership count in the New Jersey 
Section rose from 437 Members, one 
Associate and three Affiliates to 503 
Members and three Affiliates. This net 
gain of 66 members can be laid pri- 
marily to the improved method of fol- 
low-up of delinquent members to pre- 
vent losses of membership in the New 
Jersey Section. 


Other officers elected for the Sec- 
tion are: S. A. Olson, Vice President; 
W. H. Shellenberger, Secretary; E. A. 
Fischer, Treasurer and L. H. Ballinger, 
National Delegate. Eliot R. Hill will 
act as Secretary until Mr. Shellenberg- 
er returns from Europe. 


On June 7 the Section meeting was 
held at Falstrom, Inc., in Passaic, N. 
J. The Section members were hosted 
by Falstrom with an evening of food, 
plant tour and social hour.—F. R. 
Smith. 


Cumberland Section Members 
Hear Brand, Kushnick at Meet 


National President Warren H. Brand 
and Executive Director William H. 
Kushnick appeared as guest speakers 
at the Cumberland Section’s May meet- 
ing. 

Mr. Brand cited the need for changes 
in the “Constitution and By-Laws of 
the ISA,” and stressed the desirability 
of making these changes. Mr. Kush- 
nick spoke about the operation of the 
National Office and the steady growth 
of the ISA Journal. He expressed hope 
that more members would write arti- 
cles and submit them to the publica- 
tion.—J. W. Roberts. 


Annual Monte Carlo Night 


The program for the May meeting 
of the Cleveland Section was a Monte 
Carlo Night. This was the fourth an- 
nual meeting of this type for the Sec- 
tion, and as in the past, attracted more 
than the usual attendance and activity. 

F. W. Kirk 
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ANNUAL LADIES Night was staged by the Columbus Section in May. 
are a portion of the large crowd which attended. 






Pictured above 
Following a talk by Dr. Robert 


McMaster, on weather forecasting, the Section held its election of new officers 


Columbus Section Stages 
Its Annual Ladies Night 


Ladies were the order of the day 
as ne Columbus Section held its an- 
nua! Ladies Night Dinner Meeting in 
May. Dr. Robert C. McMaster, local 
TV weathercaster who is on the staff 
of Ohio State University and asso- 
ciated with Battelle Memorial Insti- 
tute, was the principal speaker. 

Dr. McMaster spoke on “Weather 
and Instrumentation” and described 
the movement of air masses on the 
surface of the earth and the frontal 
systems. With the aid of slides he 
explained what is involved in fore- 
casting. 

Following Dr. McMaster’s talk, elec- 
tion of officers was held and the fol- 
lowing members were elected to Co- 
lumbus Section posts: 

E. M. Chandler, President; G. C. 
Boerstler, Vice President; G. Speaker, 
Treasurer; C. R. Tibbets, Secretary 
and J. O. Mallernee, National Delegate. 
—R. E. Post. 


Central Keystone Section 
Elects Stanford President 


At the May meeting of the Central 
Keystone Section in York, Pa., R. W. 
Stanford was elected President and 
W. Nagorney was elected Vice Presi- 
dent. Other officers elected in that 
Section were: E. H. Myers, Secretary; 
C. B. Anderman, Jr., Treasurer and 
C. A. Kohr, Section Delegate. 


At the same meeting, Warren H. 
Brand, National ISA President, gave 
a short discussion of strides taken by 
the ISA in the past year and what 
is to be expected in the future. 
William H. Kushnick, Executive Direc- 
tor of the ISA, gave a report on the 
Los Angeles Show to be held Septem- 
ber 12-16.—W. E. Hockersmith. 
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"Membership Value in ISA‘ 
Topic of Sarnia May Meet 


Ed Baran, ISA Vice Pesident who 
was recently elected to the Executive 
Board, was the main speaker at the 
May 27 meeting of the Sarnia Section. 
Topic of Mr. Baran’s talk was “The 
Value of Membership in the ISA.” 

The new Executive Council for the 
Sarnia Section for the 1955-56 season 
are: Larry Hall, President; Harold 
Kohlmeier, Vice President; Ron Assel- 
stine, Secretary and Dick Rose, Treas- 
urer.—L. J. Hall. 


Whitmore Elected President 
Of Savannah River Section 


The new officers for the Savannah 
River Section for the year 1955-56 were 
installed June 11. The officers and 
their posts are: C. A. Whitmore, Presi- 
dent; O. S. Bradham, Jr., Vice Presi- 
dent; H. S. Sanders, Corresponding 
Secretary; E. A. Reeves, Jr., Treasurer 
and R. L. Lenz, Recording Secretary.— 
E. Bowen. 





HIGHLIGHT AT MARCH installation of 
officers in the Houston Section was a 
presentation of plaques to all past Presi- 


dents of that Section. The plaques were 
presented by Porter Hart, past National 
President shown (left, center) giving one 
of the plaques to W. H. Fortney. Others 
who received them (left to right) are: 
J. R. Martin, B. W. Rawson, R. C. King, 
M. K. Anderson, partially hidden by Mr. 
Fortney, and R. E. Hansen, extreme right. 








The most interesting thing to 
most people — is other people 


A. A. Markson, a member of & 
Pittsburgh Section, has been Named 
assistant vice president in charge 
engineering fy 
the Hagen (y. 
poration,; 
Pittsburgh jp. 
strument anj 
control firm, ir 
Markson joing 
Hagen in 1% 
and is nation. 
ly known for his 
pioneer work 
heat trans 
through _ boile 
tubing. He is, 
holder of ove 
20 patents and is a graduate of Ren. 
salaer Polytechnic Institute. He 
listed in “Who’s Who in Engineering’ 
and “American Men of Science,” an 
is also a member of the Engineers % 
ciety of Western Pennsylvania. 





A. A. Markson 


Eugene J. Moscaret, a member of 
the Niagara Frontier Section, ha 
been named manager of the Buffal 
district sales 
and service cet- 
ter of Consdl- 
dated Engineer 
ing Corporatio 
according to a 
anno unee 
ment by Joseph 
F. Davidson 
CEC director d 
sales. Mr. Mo 
caret has bet 
senior field & 
gineer in chatgt 
of the Buffa 
district operations since April 1% 
Prior to joining his present firm, Mt 
Moscaret was supervisor of the Qui 
ity Control Test Department, 
Project Division, American Locom 
tive Co. 


Eugene J. Moscaret 


Harold L. Schutt, a member of} | 
New York ISA Section, was re 
promoted to manager, sales engine 
ing division at Philadelphia by 
& Northrup Company. 


E. R. Cranston, a member of th 
New York Section, has been app® 
eastern district sales manager % 
Helicoid Gage Division, Ameri 
Chain and Cable Company. His 
headquarters will be in Brid 
Conn. 
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Literature listed below is not available from offices of the ISA Journal. 






Reprints 


may be obtained by contacting the publications in which the articles have appeared. 


PHYSICAL AND COMPUTING 

30. ST NIFICANCE OF AN ELECTRICAL 
ANALOGUE OF CREEP AND RECOV- 
ERY” A. J. Kennedy; Brit. Jour. App. 

(London) Vol. 6 — No. 2, pp 
49-58, Feb. 1955. Instrument described is 
simple non-inductive transmission line 
with capacitance divided into recoverable 
and irrecoverable elements in series, by 
use of rectifiers. Voltage program is set 
up and applied as stress simulator and 
charge taken over time is integrated and 
recorded as a creep-strain analogue. 

393. “PHASE AND AMPLITUDE BALANCE 
METHODS FOR PERMITTIVITY MEAS- 
UREMENTS BETWEEN 4 AND _ 50 
CENTIMETERS” T. J. Buchanan; Brit. 
Jour. App. Physics (London) Vol. 6—No. 
2, pp 64-66, Feb. 1955. Coaxial line 
equipment is described for measurement 
of range of permittivities of liquids in 
wave length range of 4 to 50 cm. Two 
types of liquid cells are also described. 

34. “NUCLEAR REACTORS FOR_ RE- 
SEARCH” Manson’ Benedict; Chem. 
Engng. Prog. Vol. 51—-No. 2, pp 53F-66F, 
Feb. 1955. An excellent review article on 
the basic reactor types now in research 
use and accounts of the radiation process, 
measurement of radiation intensity, neu- 
tron diffraction techniques, cross-sectional 
measurements, and activation analysis. 

95. “SOLVING CONDUCTIVE HEAT 
TRANSFER PROBLEMS” R. V. An- 
drews; Chem. Engng. Prog. Vol. 51—No. 
2, pp 67F-71F, Feb. 1955. Other than 
the flat plate, cylinder, and sphere, few 
heat transfer problems can be _ solved 
by simple analytical calculations. A sim- 
ple inexpensive electrical analogue method 
is presented to determine the Langmuir 
shape factor which replaces geometrical 
term in Fourier’s equation. 

36. “GLOSSARY OF SOME TELEMETER- 
ING TERMS” Joint Subcommittee on 

Telemetering Technology (AIEE); Elec. 
Engng. Vol. 74—No. 2, pp 153-156, Feb. 
1955. 73 definitions arising from work 
done by AIEE, IRE, IAS, ISA. Terms 
given are based upon widest approval. 
“PHOTOCONDUCTIVE DETEC - 
TORS FOR INFRARED SYSTEMS” Roy 
Paulson; Elec. Engng. Vol. 74—No. 3, pp 
214-218, Mar. 1955. Important properties 
of lead sulphide detectors are given with 
emphasis on resistance, noise, signal, and 
sensitivity. Functional dependence of 
these properties upon frequency, bias 
current, temperature, humidity, and other 
variables is included. 

“REACTOR MAINTENANCE PROB- 

LEMS” C. B. Wagner; Elec. Engng. 

Vol. 74—No. 3, pp 221-225, Mar. 1955. 

Description of special techniques and 

problems encountered in nuclear reactor 

maintenance work. 

39. “A-C RELEASE OF THERMOELECTRIC 
DEVICES” P. L. Betz; Elec. Engng. Vol. 
T4—No. 3, pp 227-230, Mar. 1955. Op- 
eration of gas burners controlled by ther- 
moelectric shutoff is described. By super- 
posing a-c on thermoelectric element, these 
devices can be made to operate in re- 
sponse to other reactions besides pilot 
flame condition. 

40.“NUCLEAR REACTER CONTROL” J. 

M. Harrer; Elec. Engng. Vol. 74—No. 3, 

pp 230-233, Mar. 1955. Basic fundamen- 

tals are described and neutron detector 
considerations are discussed. 

“TEXTILE AUTOMATION BY SIGNAL 

CONTROL” Louis Casper; Elec. Engng. 

Vol. 74—No. 3, pp 238-242, Mar. 1955. 

ental operation of prototype tex- 
tile automation machine utilizing a 5-unit 

ph system is described. A model 
of an embroidery machine is taken as one 
example. 

42, RING PULSATING FLOW: CO- 
EFFICIENTS FOR SHARP-EDGED ORI- 
FICES” J. M. Zarek; Engng. (London) 
Vol. 179—No, 4641, pp 17-19, Jan. 7, 1955. 
In tion on pulsating air flow, lim- 
ited to the incompressible range of flow 
and low-frequency pulsations. Attempt is 
made to determine a correction factor to 
the steady flow coefficient of discharge 

_ Which would allow for the effect of pulsa- 
tion The application of this correc- 
factor to the experimental results is 

10 references. 


oo 


shown graphically. 
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“HOW MUCH PRESSURE LOSS IN 
ROUND DUCT ELBOWS?” R. K. Guthrie; 
Heat. Piping, & Air Cond, Vol. 27—No. 
3, pp 130-132, Mar. 1955. Results given 
for test runs on elbows of 2% radius 
ratio used in dust control ductwork. 


“SEMICONDUCTORS AND THE 
TRANSISTOR” FE. W. Herold; Jour. 
Franklin Inst. Vol. 259—No. 2, pp 87-105, 
Feb. 1955. An article dealing with the 
history, physical chemistry, manufactur- 
ing techniques, and commercial forms of 
the transistor. 33 references. 


“SENSITIVITY OF A VIBRATING REED 
NULL INDICATOR” I. J. Somervaille; 
Jour. Sci. Instr. (London) Vol. 31—No. 
12, pp 439-440, Dec. 1954. Description of 
a simple vibrating reed null detector. 
Sensitivity studies of instrument by two 
methods show reproducibility to plus or 
minus 2 x 10 ~® inches, 


“A PORTABLE VAN DE GRAFF GEN- 
ERATOR” T. R. Foord; Jour. Sci. Instr. 
(London) Vol. 31—No. 12, pp 440-441, 
Dec. 1954. Description of simple inex- 
pensive air-insulated Van De Graff Gen- 
erator which develops a maximum open- 
circuit voltage of approximately 200 KV 
and has a short-circuit current of 15 
microamperes. 


“A SIMPLE CIRCUIT FOR USE WITH 
CONDENSER STRAIN GAGES” D. M. 
Maurice; Jour. Sci. Instr. (London) Vol. 
31—No. 12, pp 442-444, Dec. 1954. A one- 
tube circuit for operation at 200 mc. hav- 
ing a stable output proportional to strain 
is described. Drive is sufficient to op- 
erate low impedance recording milliamet- 
er. Circuit is applicable to capacities 
down to 3 micromicrofarads. 


“THERMOCOUPLES SUITABLE FOR 
USE AT LOW TEMPERATURE” W. B. 
Pearson; Jour. Sci. Instr. (London) Vol. 
31—No. 12, p 444, Dec. 1954. Results of 
experiments with 0.005 weight per cent 
tin and other “dilute alloys’ versus pure 
copper couples for range of 2-30° K 


“A DIRECT READING INSTRUMENT 
FOR THE MEASUREMENT OF SMALL 
DISPLACEMENTS” W. D. Corner; Jour. 
Sci. Instr. (London) Vol. 31—No. 12, pp 
445-447, Dec. 1954. A differential con- 
denser forms part of an a-c bridge net- 
work and displacement of center plate 
causes proportional output voltage. Small 
displacements can be measured to an ac- 
curacy of 10 ~* centimeters. 

“THE CONSTRUCTION AND CALIBRA- 
TION OF A BUNSEN  ICE-CALORI- 
METER” L. E. Leake and E. T. Turkdo- 
gan; Jour. Sci. Instr. (London) Vol. 31— 
No. 12, pp 447-449, Dec. 1954. A Bunsen 
ice-calorimeter is described having a cal- 
ibration factor of 270.49 plus or minus 
0.17 int. Joules/gm. of mercury. Details 
include cross-sectional drawing and dia- 
gram of measuring circuit. 

“A 1-1000 OHM BUILD-UP RESISTOR 
FOR THE CALIBRATION OF STAND- 
ARD RESISTORS” B. V. Hamon; Jour. 
Sci. Instr. (London) Vol. 31—No. 12, pp 


450-453, Dec. 1954. Build-up resistor 
consists of eleven 10-ohm resistors per- 
manently series-connected. Example is 


given for use of build-up resistor to de- 
termine 10 and 100-ohm standard resis- 
tors in terms of one-ohm resistor to an 
accuracy of about two parts in 10’. 
“THE TRANSIENT RESPONSE OF 
DIRECT CURRENT AMPLIFIER SYS- 
TEMS” J. H. Sanders; Jour. Sci. Instr. 
(London) Vol. 31—-No. 12, pp 453-455, 
Dec. 1954. Direct current amplifiers of 
d-c to a-c conversion type have upper 
frequency response limited by detector cir- 
cuit. When negative feedback is used, 
there is large gain for signals due to 
charges induced instantaneously on input 
terminals compared with gain for stand- 
ing signals. Form of transient and mag- 
nitude reduction are discussed. 

“A METHOD FOR CONSTRUCTING 
DIRECT READING THERMISTOR 
THERMOMETERS” J. A. McLean; Jour. 
Sci. Instr. (London) Vol. 31—No. 12, pp 
455-457, Dec. 1954. Special method of 
construction described for thermistor ther- 
mometers working in temperature region 
between 0 and 25° C. 
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. “EXPERIMENTAL 


“LOW ENERGY MEASUREMENTS 
WITH THE PHOTOMULTIPLIER SCIN- 
TILLATION COUNTER” G. T. Wright; 
Jour. Sci. Instr. (London) Vol. 31—No. 
12, pp 462-465, Dec. 1954. Method of 
statistically generating functions is used 
to investigate the process of cascade mul- 
tiplication. Results of studies on non- 
uniform photocathode and dynode surfaces 
are given. 

“DIELECTRIC TEST CELL FOR BITU- 
MINOUS MATERIAL” C. Q. Keiller; 
Jour. Sci. Instr. (London) Vol. 31—No. 
12, pp 465-466, Dec. 1954. Description 
of test cell used on power frequencies in 
measurement of permittivity and power 
factor of hard bituminous dielectrics. 


- “A SENSITIVE MINIATURE PRES- 


SURE CELL” S. C. Redshaw; Jour. Sci. 
Instr. (London) Vol. 31—No. 12, pp 467- 
469, Dec. 1954. Details of design for 
pressure cell used in measurement of 
earth pressures. Features are rosette 
type of foi] resistance strain gage work- 
ing into four-arm bridge with automatic 
temperature compensation. 


“A PHYSICAL COLOR TEMPERATURE 
COMPARATOR” W. J. Brown; Jour. Sci, 
Instr. (London) Vol. 31—No. 12, pp 469- 
471, Dec. 1954. Details of design and 
construction of physical color temperature 
comparator incorporating a rapidly ro- 
tating two-color filter. Instrument has 
accuracy of plus or minus 2°K. over range 
of 2360-3100°K. and can be extended 
higher or lower by color temperature con- 
version filters. 


“EXPERIMENTS ON SUPERSONIC 
FLOW PAST BODIES OF REVOLUTION 
WITH ANNULAR GAPS OF RECTANG- 
ULAR SECTION” N. H. Johannesen; 
Phil. Mag. Vol. 46—No. 372, pp 31-39, 
Jan. 1955. Resulis of flow investigation 
by Schlieren photography. Findings in- 
dicate velocities inside dead-air regions 
can be of considerable magnitude. 


DETERMINATION 
OF THE AERODYNAMIC DAMPING ON 
A VIBRATING CIRCULAR CYLINDER” 
J. T. Stuart and L. Woodgate; Phil. Mag. 
Vol. 46—No. 372, pp 40-46, Jan. 1955. 
For infinitely long circular cylinder os- 
cillating rectilinearly along a diameter, 
the damping force is determined from 
experimental measurements on the cylin- 
der oscillating about one end 


“THE EFFECT OF A MAGNETIC FIELD 
ON THE HEAT CONDUCTIVITY OF A 
SUPERCONDUCTOR” C. A. Renton; 
Phil. Mag. Vol. 46—No. 372, pp 47-52, 
Jan. 1955. Comparison is made between 
heat conductivity data below 1°K. in 
which specimens were exposed to mag- 
netizing field and those observations in 
which specimens were shielded. 


“LUBRICATED PLUG VALVES-DE- 
SIGN, OPERATION, AND USE” C. J. 
Kentler; Plant Engng. Vol. 9—No. 2, pp 
101-180, Feb. 1955. Article reviews vari- 
ous types of plug valves, plastic sealing 
and lubrication, and application of valves 
to metered lines and process lines. 
“HOW TO SELECT AND APPLY SAFE- 
TY HEADS FOR PROTECTION OF 
PRESSURE SYSTEMS” J. F. Myers; 
Power Vol. 99—No. 2, pp 101-103, Feb. 
1955. Second part of a three-part series. 
(See abstract #351 for first part.) Fac- 
tors discussed are code requirements, 
effects of pressure and temperature, and 
typical arrangements of disks in sys- 
tems. 

“HOW TO LAP YOUR SAFETY VALVE 
SEATS QUICKLY” Power Vol. 99—No. 3, 
p 150, Mar. 1955. One page description 
with three photos of lapping tool set-up. 
“THE REGENERATIVE PULSE GEN- 
ERATOR” C. C. Cutler; Proc. IRE Vol. 
43—No. 2, pp 140-148, Feb. 1955. De- 
scription of new arrangement for gen- 
erating short pulses. Circuit consists of 
loop containing amplifier, expander, band- 
pass filter, time delay, and automatic gain 
control. Microwave pulses as short as 
0.002 microseconds and d-c pulses as short 
as 0.005 microsecond at half-amplitude 
have been produced. 

“ODD INTEGER MAGNETIC FREQUEN- 
CY MULTIPLIERS” Leo J. Johnson and 
S. E. Rauch; Proc, IRE Vol. 43—No. 2, 
pp 168-173, Feb. 1955. A mathematical 
analysis of odd integer frequency mul- 
tiplication is presented and experimental 
examples of a 300 watt, 400-2000 cps 
tripler and 3 watt, 400-2000 cps quintupler 
are described. 


“A-C VOLTAGE REGULATORS” Wil- 
liam P. Carpenter; Pred. Engng. Vol. 26 
—No. 2, pp 135-139, Feb. 1955. Dis- 


cussion of selection of voltage regulators. 
Topics covered include nature and size of 
load, rapidity of response, precision of 
regulation, allowable cost per kva, and 
adaptability to special electrical ratings. 
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TS OR Si A Ec a RE SS aca ies Te Bet 


Due to the time involved in processing new members’ applications, some names are omitted. Those names not listed will appear in subsequent | 


ALBUQUERQUE 
George M. Adams, Instrumentation & Con- 
trols & Scientific Equip. 
Harlan P. Kelsey III, Ultradyne Engineer- 
ing Labs, Inc. 
William S. Sharp, Dandia Corp. 


ARK-LA-TEX 
Fred W. Farmer, Lone Star Steel Co. 
Robert B. Giezentanner, Interstate Oil Pipe 
Line Co. 
ATLANTA 
Harry J. Elliott, CEC Instruments, Inc. 
C. H. Ellison III, Aminco Sales Corporation 
of Georgia 
Donald Combellack, Wheelco Instrument Div. 
Donald L. Spanton, Taylor Instrument Cos. 
Jack M. Spurlock, Auto-Lite Battery Corp. 
BALTIMORE 
Eugene A. Darrow, 
BIRMINGHAM 
Cecil M. Parker, Liberty Powder Defense 


Corp. 
BLUE RIDGE 
Earl T. Cadugan, Hercules Powder Co. 
BOSTON 

Rexford A, Bristol, The Foxboro Co. 

James A. Dolan, American Machine & 
Foundry Co. 

Robert E. Erickson, R. E. Erickson Co. 

R. M. Gabey, The Bristol Co. 

Ephraim Gitelman, General Electric Co. 

John T. Harvell, Arthur D. Little, Inc. 

Leverett A. Martel, Jerguson Gage & Valve 
Co. 

Francis J. Muise, Chas. T. Main, Inc. 

Claude W. Nash, General Electric Co. 

John D. Phillips, Electronics Corporation of 
America 

Robert C, 
Co. 

William I. Strauss, General Electric Co. 

Ernest E. Van Ham, Jerguson Gage & Valve 


Co. 
CHARLESTON 
Edwin George Davisson III, Carbide & Car- 
bon Chemicals Co. 
K. Wing, Carbide & Carbon Chemicals 


Co. 
CENTRAL ILLINOI> 
Earl R. Mauerman, Hiram Walker & Sons 
Inc. 
CHICAGO 
John R. Amato, Universal Oil Products Co. 
Donald M. Bornarth, Everett Associates Inc. 
William C. Comstock, The Foxboro Co. 
R. A. Cwik, Black, Sivalls & Bryson, Inc. 
Ralph W. Dryer, General Electric Co. 
James E, Everett, Everett Associates, Inc. 
William B. Hile, Taylor Instrument Cos. 
Burt S. Hoye, Wilkens-Anderson Co. 
Maxwell P. Iverson, Nielsen & Fryer, Inc. 
—" J. Johnson, Universal Oil Products 
oo, 
Donald V. Magnuson, Labline, Inc. 
Robert Paul Martin, U. S. Steel Corp. 
M. Roy Murray, Universal Poly Chemical Co. 
Mare L. Ogden, Bristol! Co. 
George W. Patterson, Universal Oi! Prod- 
ucts Co. 
Veikko K. Peltola, Illinois Testing Labora- 
tories Inc. 
Ralph B. Phillips, Pure Oil Co. 
Nicholas P. Scallon, Fisher Governor Co. 
Leon N. Skan, Pollak & Skan, Inc. 
Charles Taylor, Woodward Governor Co. 
Charles H. Smoot, Republic Flow Meters Co. 
Harlan Malcolm Twible, Minneapolis-Honey- 
well Reg. Co. 
— D. Smerdon, Universal Oil Products 
/O. 
Robert Warren Clark, Powers Regulator Co. 
CINCINNATI 
William R. Albertson, General Electric Co. 
Thomas E. Bradley, Leeds & Northrup Co. 
William T. Curtis, General Electric Co. 
J. R. Douglas, Crawford Fitting Co. 
Samuel O. Smiley, Genera] Electric Co. 
Frank N. Wisecup, General Electric Co. 
CLEVELAND 
Daniel John Anderson, Diamond Alkali Corp. 
Warren L. Neiner, White Industrial Sales & 
Equip. Co. 
— E. Rogers, The Meriam Instrument 
oO. 
Donald E. Stine, The Paguin Co. 
William J. Tracy, Jr., Bailey Meter Co. 
Leo Tobacman, H. K. Ferguson Co. 
Paul C. Flucke, Chemical Pump & Equip- 
ment Corp. 
COLUMBUS 
Loren E. Bollinger, Ohio State University 
Beryle M. Johnson, Battelle Memorial In- 
stitute 


Glen L. Martin Co. 


Stanley, Jerguson Gage & Valve 
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Russell S. Forgrave, Ohio State University 

James A. Giles, Newark Stove Co. 

Henry John Hoffman, Barber-Colman Co. 

Oscar D. May, Battelle Memorial Institute 

Robert G. Thompson, Owens-Corning Fiber- 
glas Corp. 

Willard R. Wilson, Owens-Corning Fiberglas 
Corp. 

Clifford C, Rose, Westinghouse Electric Corp. 

Robert E. Grey, Westinghouse Electric Corp. 

DENVER 

Robert W. 
Standards 

Billy F. Schaible, 
Reg. Co. 


DETROIT 
Tom N. Michels, Henry Ford Museum 


EASTERN NEW YORK 

Milton D. Bloomer, Genera! Electric Co. 

James E, Brown, General Electric Co. 

Jack Deiber, General Electric Co. 

Herman J. Reynolds, General Electric Co. 

James Halburian, General Electric Co. 

Raymond J. Pelletier, Genera] Electric Co. 
L. Kemm, Fischer & Porter Co. 

Ted Kiliam, General Electric Co. 

Curtis D. Kissinger, General Electric Co. 

HOUSTON 

Kenneth Clifford Underwood, Cameron Iron 
Works Co. 

Voscoe Acker, Dow Chemical! Co. 

William L. Hendricksen, Pau! Condit Co. 

Charles Dd. Holland, A, & M. College of 
Texas 

Norman E, Luker, Humble Oi! and Refining 
Co. 

S. V. Massimini, Jr., Gulf Engineering Co., 
Inc. 

N. G. Simpson, Manning, Maxwell & Moore, 


Hubbard, National Bureau of 


Minneapolis-Honeywell 


Inc. 
Ralph L. Watts, Watts Co. 
FOX RIVER 
John G. Slusser, Consolidated Water 
& Paper Co. 
Karl F. Witte, Consolidated Water Power & 
Paper Co. 
INDIANAPOLIS 
Barry M. Coleman, Brown Instrument Div. 
Minneapolis-Honeywell Reg. Co. 
John W. Reimer, Allison Div. of Genera! 
Motors 
Ralph E. Litz, Loy Instrument Co. 
William V. Harrison, Borg-Warner Corp. 
James H. Pearcy, Neptune Meter Co. 
KANSAS CITY 
Cecil E. Anderson, Standard Products, Inc. 
James N. Canfield, Westinghouse Electric 
Corp. 
John L. Jones, Kansas City Power & Light 
James T. Rudie, Westinghouse Agt. 
LOS ANGELES 
Stephen H. Allen, Daystrom Pacific Corp. 
Bill Bernarding, Swiddomatic Products 
Wayne R. Beeman, Wm. I. Mann Co. 
Frank Joseph Bogusz, Firestone Tire & Rub- 
ber Co. 
Kenneth W. Case, Kenneth W. Case Co. 
William Breeden, North American Aviation 
Inc. 
K, O. Boyd, North American Aviation Ince. 
Charles W. Callahan, Instrument Parts, Inc. 
Jerald E. Decker, Northrop Aircraft, Inc. 
Nathan L. Ellena, Instrument Parts, Inc. 
Alex Goodfellow, Swissomatic Products Co. 
Robert W. Jones, Gukded Missele Dive. 
Hughes Aircraft Co. 
Thomas Kehoe, Beckman Instruments, 


Power 


Inc. 

Steve V. Kerstner, Foxboro Co. 

Robert H. Kitson, Consolidated Engineering 
Corp. 

William R. Klinger, North American Avia- 
tion Ine. 

Norman W. Knox, Kearfott Co., Inc. 

G. L. Kuntz, Lockheed Aircraft-B-6 Inc. 


John C. Evraets, Robertshaw Fulton Con- 
trols Co. 

Charles J. Lister, North American Aviation 
Ine. 

H. M. McClaskey, Jr., Ralph M. Parsons Co. 

Daniel H. Michalak, Ehrahart & Arthur Co. 

A. N. Ormond, Hughes Too! Co. 

Warren F, Paetz, Wheelco Instrument Div. 

Arthur A. Peck, North American Aviation 
Inc. 

Raymond J. Selwyn, Infilco, Inc. 

Donald B. Schneider, Consolidated Eng. Corn. 

W. C. Van Bebber, Baldwin-Lima-Hamilton 
Corp. 

Fred C. Tramm, Hughes Aircraft Co. 

Harold F. Wiley, Consolidated Engineering 
Corp. 


MILWAUKEE 
Jim T. Lawrence, Warren D. Eh 
Leo T. Brinson, Jr., Nordberg Mfg. 
Shelton F. Boyd, Miller Brewing Gg, 


LOUISVILLE 
Kenneth P. Hoffman, Shea Chemie 


MEMPHIS 
Carl E. Johnson, Johnson & Scott & 
Edward D. Miller, Ark. Power & 
NEW ORLEANS 
Richard H, Taylor, Texas Gas T 
Corp. 
MONTREAL 
Eric William G. Cook, ( 
L. G. Holman, 
Ltd 
Camille Lussier, C. D. Howe Co, 
Herbert F. Thom, C. D. Howe Co, 


MUSCLE SHOALS 
Michael Fitzgerald, Diamond Alkali 
Abbot B. Rhodes, U. S. Army Chemie 

NEW JERSEY 
Charles F. Bauer, Esso Standard O# 
Leo S. Craig, Monmouth Electrie 
Mandell Dalis, Norman Bragar Co, 
Theadore Donde, J. Arthur Moore & 
Alvin M. Foster, Eddo Research @& 

neering Co. 
Richard P. Kronen, Leslie Co. ; 
Wilfred McGregor, Farris Engineert 
James F. McNamara, Arnold O. Ba 
Inc. 

James Morton, The Austin Co. 
John William Perscheid, Leslie Co, ~ 
William M. Priestley, Leslie Co. 2 
Arthur W. Richart, Leslie Co. 
Raymond F. Robertori, Leslie Co, 
Walter J. Schweitzer, Leslie Co. 
Harold E. Smith, Thomas A. Edison, 
Curt A. Soderberg, Leslie Co. : 
John M. Wylie, Leslie Co. 

NEW YORK 
George R. Atkins, The Bristo] Co. 
Harry E. Beane, Jr., Kieley & M 
William E. Bodnar, American Cyan 
Edwin A. Georgi, Jr., Schlumberger 


ment Co. 
John A. Koby, James P. O’Donn 


D. Howe Go 
Montreal Enginee 


neers 

Michael Krot, Grumman Aircraft 
ing Co. 

Robert James Magee, Grumman Aire 
gineering Co. 

James C. McCue, Grumman Aire 
neering Co. 

Vincent L. Menichini, Long Island 
tural & Technical Inst. 

Leon Chet Menkes, Hammarlud Mfg) 

Michael A. Martoccia, Wright Aeron 

Thomas M. Neville, Con. Edison Cay 

Franklyn W. Nichols, Bristol Instrum 

Basil J. Poulos, Grumman Airerafil 
neering Co. 7 

Joseph Schweitzer, Grumman Airé 
gineering Co. 

Richard F. C. Simpson, British Pet 

Kirkwood J. Smith, Jr., Grumman 
Engineering Co. b 

Norman R. Wenk, Cavitron Equip 

NIAGARA FRONTIER . 

Forrest A. Baulieu, Jr., Stauffer © 
Co ] 

Haldred C. Breckon, Hooker Electre 

Co. 

A. Eugene Bolles, Jr., The Carl A. 


( 0, 

John Davern, The Birge Co., Ine. 

Frank Deiwzer, Minneapolis-Hon 
Co. 4 

Norman Emerson, Durez Plastics & 
cal Inc. 

Enos G. Eshelman, E. I. du Pont de 
Co., Ine. : 

Joseph Jeffries, III], E. I. du Pont 
mours Co., Inc. 

Roy D. Kelley, Bailey Meter Co. 

Clifford J. Lane, Lane Engineering = 

Alfred F. Marcinelli, Erie County 
Institute 

James L. Moore, Fischer & Porter¥ 

Eugene J. Moscared, Consolidated 
ing Corp. 

Johannes W. Prast, Bel! Aircraft G 

Edward H. Rawski, E. I. du Pont 
mours Co., Ine. 

Edward Woicik, Bell Aircraft Ce 

Russell T. Vara, du Pont de Nem 


Inc. 
NORTHERN CALIFORNIA 
Saul Belilove, Belilove Co. ‘ 
Eugene S. Bottomly, E. S. Bottomly 
Edward A. Boyer, Ehrhart & Art# 
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